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A    N 

I  N  Q^U  I  R  Y 

INTO     THE 

CAUSES   which    promote    the 
Circulation  of  the  Fluids 

I  N       T    H    E 

Very  Small  Ve  s  se  ls  i)f  Animals, 


ALTHO'  the  Circulation  of  the 
Blood  has  been  almofl  univer- 
fally  acknowledged  for  above  a  centu- 
ry pall,  and  much  has  been  wrote  in 
order  to  explain  this  dodrine ;  yet  are 
there  fever al  things  relating  to  it  which 
have  not  been,  hitherto,  fo  fatisfaclo- 
rily  accounted  for,  as  to  render  any 
farther  inquiry  into  them  altogether 
fuperfluous:  and  of  this  kind,  we  pre- 
A  fume. 
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fume,  is  the  motion  of  the  fluids  thro' 
the  fmaller  vefTels. 

The  firfl  authors  who  embraced  the 
Harvean  doctrine  fecm  to  have  afcribed 
the  whole  of  the  circulation,  both  in 
the  arteries  and  veins,  to  the  force 
of  the  heart  *.  But  Borelli^  in  whofe 
time  it  was  believed  by  many,  that  the 
arteries  and  veins  were  not  continued 
canals,  but  divided  by  an  intermediate 
fpungy  fubllance,  plainly  faw,  that,  in 
this  cafe,  the  blood  could  not  be  con- 
veyed- into  the  orifices  of  the  nafcent 
veins,  by  any  force  of  the  arterial  fluids 
pufhing  it  forward ;  and,  therefore,  he 
fuppofes  it  to  enter  them  in  the  fame 
manner  as  the  particles  of  water  infi- 
nuate  themfelves  into  a  fpunge  or  other 
porous  fubllance;  but  as,  in  his  days, 
the  phenomena  of  capillary  tubes  were 
very  little  known,  and  the  reafons  of 
them  not  at  all  underfl:ood,  'tis  no  won- 
der that,    after  declaring  attraction  to 

be 

*  Jo.  Walaei  epift.  ad  Bartholin.    De  motu 

chyli  et  fanguinis. 


ESSAYS.  5 

be  an  impoffible  thing,  he  afcribes  the 
above  effects  to  the  gravity  of  the  fluid 
itfeJf  *  5  nor  does  he  feem  to  have  been 
fufficiently  aware,  that,  after  water  has 
rifen  to  a  determinate  height  in  fmall 
tubes,  or  a  certain  quantity  of  it  has 
been  received  into  porous  bodies,  no 
more  of  it  wiU  enter  into  either  of 
thefe. 

Dr.  Pitcairn^  in  his  Dijfertatio  de 
Circuhtione  fanguinis  per  vafa  mmima^ 
after  fhewing  that  animal  fecretion  can- 
not be  performed  by  means  of  fer- 
ments in  the  glands,  or  by  thefe  bodies 
ading  as  fiitres,  endeavours  to  prove^ 
that  the  various  fecretions  from  the 
blood  are  intirely  ©wing  to  the  diffe- 
rent diameters  of  the  fecretory  velTeis: 
but  he  makes  it  no  part  of  his  inquiry, 
by  what  powers  the  fluids  are  puilied 
thro'  thefe  veffeis.  However,  tliat  there 
might  appear  no  difficulty  in  the  mo- 
tion of  the  fluids  thro',  even,  the  frnal- 
lefl:  tubes  of  the  body,  nor  any  fufpicion 
A  2  of 

*  Eorelli,  De  mot.  animal,  pars  z.  prop.  32. 
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of  their  ftagnating  in  them,  we  have  late- 
ly been  tokl,  that  the  blood  moves  more 
quickly  in  the  fmaller  than  in  the  larger 
veffels ;  ^^in  affertion  fo  inconfillent  with 
the  laws  of  hydraulics,  when  applied  to 
the  animal  frame,  that  it  could  fcarcely 
have  been  expeded  to  have  dropt  from 
the  pen  of  a  writer  much  lefs  noted  than 
Dr.  Hoffman* . 

But,  how  eafy  fo  ever  it  may  have 
appeared  to  fome  authors  to  account  for 
the  motion  of  the  fluids  in  the  fmall  vef- 
fels  of  animals,  yet  whoever  imparti- 
ally conliders  the  refiltance  that  a  fluid, 
moving  thro'  the  aorta  and  all  its  bran- 
ches, mull  meet  with  from  friftion, 
which  increafes  as  the  diameters  of  the 
vefTels  decreafe,  and  adds  to  this  the 
mutual  attra<5lion  or  cohefion  between 
the  particles  of  the  fluids  and  the  fides  of 
the  veiTels  in  v/hich  they  move,  will 
not  only  fee  that  there  is,  at  leaft,  fome 
difficulty  in  this  matter,  but  be  alio  apt 
to  fufped  that  neither  the  force  of  the 

heart, 
*  Frederic.  Hoff.  fyfc.  med.  I  i.  $  i.e.  vi.  No  xvii. 
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heart,  nor  the  alternate  contradlion  of 
the  larger  arteries,  is  fufEcient  to  drive 
the  fluids  thro'  the  fmallelt  veffels  of 
the  brain,  teftes^  and  many  other  parts 
©f  the  body. 

In  order,  however,  to  fet  this  affair 
in  a  clearer  hght,  we  fhall  particularly 
confider  the  feveral  caufes  to  which  the^ 
circulation  of  the  blood  has  been  com- 
monly afcribed^ 


SECT.    I. 

Of  the  force  of  the  hearty  contra5iion  of 
the  arteries^  gravity  and  attraction  of 
capillary  tubes ^  conftdered  as  caufes  of 
the  circulaticn  of  the  fluids  in  the  fmall 
"veffels  of  animals. 

The  principal  caufe  which  propells 
the  blood  thro'  the  body,  is,  without' 
doubt,  the  contraction  of  the  heart :  let 
us,  then,  firfl,  inquire  how  far  this  may 
be  fuppofed  fufficient  to  account  for  the 
A   3  motioH 
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motion  of  the  flaids  in  the  very  fmall 
veiTels  of  animals. 

If  the  force  with  which  the  blood  is 
thrown,  by  the  left  ventricle  of  the 
heart,  into  the  aorta^  be  llippofed  equal 
to  the  prelTure  of  a  column  of  blood  90 
inches  high  *  ;  the  momentum  of  this  fluid 
in  any  artery  will  be  found,  by  multi- 
plying the  area  of  the  tranfverfe  fedtion 
of  that  artery  into  90,  the  height  of  that 
column  of  blood,  whofe  preflure  is  fup- 
pofed  equal  to  the  protruiive  force  of 
the  heart :  for  the  produd  gives  the 
number  of  cubic  inches  or  parts  of  a 
cubic  inch  of  blood,  whofe  weight  is 
equal  to  the  preirnig  power  with  which 
the  blood  is  driven  by  the  force  of  the 
heart  into  that  artery « 

The 

*  Dr.  Bales^  from  a  variety  of  experiments 
made  on  horfes,  dogs,  ilieep,  and  other  animals, 
thinks  it  probable,  that  the  blood  would  rife 
feven  feet  and  an  half,  or  90  inches,  in  a  tube 
fixed  into  the  carotid  artery  of  a  middle-fized 
man.  Statical  EfTays,  vol.  z.v>.  40. 
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The  diameter  of  a  circulating  red 
globule  of  blood,  has  been  generally 
reckoned  fomething  lefs  than  loW  part 
of  an  inch;  but  Dr.  Martine  has,  from 
Lewenhoeckh  andy /^nVs  later  obfervations, 
fliewn  -it  to  be  tpts.t  part  of  an  inch  *; 
and  Lewenhoeck  has  obferved,  that  one 
of  thefe  globules  is  fometimes  obliged,  in 
paffing  thro'  a  very  fmall  capillary  artery, 
to  change  its  figure  into  an  oblong 
fpheroid,  fo  that  the  diameter  of  fuch 
an  artery  may  be  fuppofed  nearly  equal 
to  that  of  a  red  globule.  If  then,  for 
the  fake  of  more  eafy  computation,  we 
fuppofe  the  diameter  of  a  red  capillary 
artery  to  be  equal  to  .aoso  part  of  an 
inch,  the  area  of  its  tranfverfe  fe^^tion 
will  be  o.ooo  ooo  196,  and  this  multi- 
plied by  90  gives  0.0000176  parts  of 
a  cubic  inch  of  blood,  which  amounts 
to  0.00466  or   2;t4:  part  of  a  grain  -f ; 

and 

*  Medical  EfTays,  vol.  2.  art.  vii. 
f  A  cubic  inch  of  warm  blood  is  reckoned 
by  fome  z66,  and  by  others  a  little  more  thaa 

267 
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and  is  equal  to  the  moment  of  the 
blood,  arifing  from  the  force  of  the 
heart,  in  a  capillary  artery,  whofe 
diameter  is  ts'oo  part  of  an  inch,  upon 
the  fappofition  that  there  were  no  lofs 
of  motion  from  friction,  and  that  the 
areas  of  the  tranfverfe  fedtions  of  all  the 
capillary  arteries  in  the  human  body 
were  equal  to  that  of  the  aorta ;  but 
iince  this  is  not  the  cafe,  and  the  areas 
of  the  former  greatly  exceed  that  of 
the  latter  3  the  moment  of  the  blood  in 
a  capillary  red  artery,  will  fall  very 
much  ihort  of  our  computation. 

To  iilaflrate  this;  let  us  fuppofe  a  pipe 
A  of  an  inch  diameter,  to  be  divided  in- 
to fever al  branches,  and  at  laft  to  ter- 
minate in  1 0000  fmall  tubes  a^a^a^a^  &c,. 
each  lio  part  of  an  inch  in  diameter ; 
the  fum  of  the  areas  of  whofe  tranf- 
verfe fedions  is  equal  to  that  of  A  :  If 

a 

267  grains;  but  Dr.  Martine  feems  to  have 
fixed  it  pretty  accurately  at  264 1 ;  and,,  for  the 
fake  of  even  numbers,  I  have  fuppofed  it  to  be 
265  grains. 
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a  fluid  be  puilied  thro'  fuch  a  fyflem 
of  veiTels,  with  any  given  force,  the 
velocities  in  the  fmall  tubes  a^a^a^a^  &c» 
will  be  equal  to  the  velocity  in  A^  and 
their  momenta  m^m^m^m^  i^c.  all  taken 
together,  will,  bating  friction,  be  juil 
equal  to  the  momentum  M  in  the  large 
trunk  A,  ue,m  loocoizM  or;;iz=_/i^^* 
But  if  another  pipe  B  of  the  fame  di- 
ameter with  A  be  divided  fo  as  to  ter- 
minate in  300000 fmall  tubes  h^h^h^h^  &c, 
each  T5  0  part  of  an  inch  diameter;  then 
altho'  a  fluid  be  puihed  thro'  the  two 
trunks  A  and  B  with  the  fame  velocity, 
and  confecjuently  the  momentum  in  them 
be  equal,  yet  the  velocity  in  any  one 
of  the  fmall  tubes  a^a^a^  &€,  will  be  to 
the  velocity  in  any  one  of  the  corre- 
fponding  tubes  i^,^,  ^5  ^c.  as  30  to  i, 
and  confequently  their  momenta  will  be 
as  900  to  I. 

Dr  .  Keill,  having,  by  meafuring  the 
arteries  of  the  human  body,  fixed  the 
proportions  of  the  branches  to  their 
trunks  after   every  divifion,  lays  down 


10        PHYSIOLOGICAL 

a  method  for  calculating  in  what  degree 
the  velocity  of  the  blood  in  the  differ- 
ent arteries  is  affevfled  by  the  increafe 
of  the  capacity  of  the  veffels  thro' 
whieh  it  fiows :  *  according  to  this 
computation,  it  will  be  found,  that  the 
velocity  of  the  blood  in  an  artery  whofe 
diameter  is  asoo  part  of  an  inch,  ought 
to  be  to  its  velocity  in  the  aorta^  as  i  to 
345,  and  confequently  the  moment  of 
the  blood  in  fuch  an  artery  mull  be 
345  X  345  —  1 19025'  times  lefs  than 
we  have  computed  it  above,  /,  e^  zz 
aT4  X  1 19025ZIZ547TT50  part  of  a  grain. 
And  iince  a  globule  of  red  blood  weighs 
nearly  50060000  part  of  a  grain  f,  it 
follows,  that  the  moment  or  prefling 
force  of  fuch  a  globule  in  its  capillary 
artery,  arifmg  from  the  impulfion  of 
the  heart,  does  not  exceed  twice  its 
own  weight. 

But   even   this  moment,    however 
fmall  it  may  appear,  mufl  be  diminiihed 

by 

*  Keiirs  Tentamen  med.    phyf.  2. 
t  Medical  EfTays,  vol.  z.  art.  vii.  §xi. 
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by  fridion :  the  precife  quantity  of 
which,  altho'  it  may,  perhaps,  be  diffi- 
cult, with  any  certainty,  to  determine  ; 
yet  that  it  muil  be  very  confiderable, 
will  evidently  appear  from  what  follov/s. 

I .  If  two  pipes  of  equal  lengths,  whofe 
diameters  are  -i-Joo  and  i§§o  parts  of  an 
inch,  be,  one  after  another, fcrewed  into 
the  fide  of  a  veiTel  at  the  perpendicular 
dillance  of  four  feet  from  the  top  of  the 
water,  and  laid  parallel  to  the  horizon  ; 
the  large  pipe  will  difcharge  179,  and 
the  fmall  pipe  6  i  ounces  of  water,  in 
half  a  minute.  Hence  the  velocities 
of  the  water  in  thefe  two  pipes  muft 
have  been  as  1293  and  ^56',  and,  were 
it  not  for  the  inequality  of  the  refiil- 
ance  of  the  air,  the  velocity  in  the 
large  pipe  would  have  been  ftill  great- 
er, and  the  velocities  in  the  two  pipes 
pretty  nearly  as  the  fquare- roots  of 
their  refpedive  diameters  *. 

Hence,  if  we  could  fuppofe  a  capil- 
lary artery,  of  20^00  part  of  an  inch  dia- 
meter, 

*  Robinfon's  animal  oeconomy,  prop,  i .  exp.  2, 
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meter,  to  go  off  directly  from  the  be- 
ginning of  the  aor^a^  without  any  in- 
termediate branchings ;  the  velocity  of 
the  blood  in  it  would  be  {ceteris  pa- 
ribus)  to  the  velocity  of  the  blood  in 
the  aorta^  nearly  as  v/o-^^-^  the  diame- 
ter of  the  capillary  is  to  ^~-  the  dia- 
meter of  the  aorta.^  i  .  e.  as  i  to  37.4  ; 
and  confequently  the  moment  of  a 
lingle  globule  in  fuch  a  capillary  artery, 
would  be  to  its  moment  in  the  aorta^ 
as  i  to  1398. 

2.  But  further,  the  lofs  of  motion 
from  fridlion  depends  not  only  upon 
the  fmallnefs  of  the  vefTels,  but  alfo  up- 
on their  diilance  from  the  heart:  for, 
if  two  cylindrical  pipes,  whofe  common 
diameter  is  iWo  parts  of  an  inch,  and 
whofe  lengths  are  2  and  8  feet,  be 
fcrewed  into  the  fide  of  a  velTel  full  of 
water,  at  the  diflance  of  four  feet  from 
the  top;  the  quantities  difcharged  in 
half  a  minute,  will  be  97  4  ounces  by 
the  long  pipe,  and  1 75  ounces  by  the 
Ihort  one.     Hence  the  velocities  of  the 

water 
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water  in  the  two  pipes  were  as  9  7  j.  and 
175;  fo  that,  by  the  greater  quantity 
of  fridlion  in  the  longefl  pipe,  the  wa- 
ter.loft  above  I  of  its  velocity*, 

3 .  Again,  the  velocity  of  the  blood 
will  be  different  according  to  the  dif- 
ferent angles  at  which  the  branches  go 
oif  from  their  trunks ;  and  the  various 
flexures  and  convolutions  of  the  fmall 
arterial  ramifications  muft  increafe  the 
fridion  in  them,  and  confequently  re- 
tard the  motion  of  the  blood  confider- 
ably.  This  feems  to  be  confirmed  by 
an  experiment  of  Dr.  Hales ;  from  which 
it  appears,  that  the  velocity  of  the 
blood  in  the  fmall  arteries  decreafes  in 
a  greater  proportion  than  it  oaght  to 
do,  by  the  above  mentioned  experiments 
made  with  llreight  cylindrical  pipes : 
for,  having  flit  up  the  guts  of  a  dog  from 
one  end  to  the  other,  on  the  fide  op- 
pofite  to  that  where  the  blood  veiTels  en., 
ter  them,  and  fixed  a  brafs  tube  into 
the  defcending  aorta^  he  found  that, 
B  with 

*  Robinfon*s  anim.oec.  prop.  i.  exp.  %. 
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with  a  prclTarc  equal  to  the  force  of  the 
heart,  only  i  of  the  water  palTed  in  a 
given  time  thro'  the  flit  arteries  of  the 
guts  that  flowed  thro'  the  niefenterics 
when  cut  over  juft  at  their  entry  into 
the  guts ;  notvvithftanding  that  the 
area  of  the  orifices  of  aU  the  former 
exceeded  that  of  tlie  latter,  and  that  the 
diameters  of  the  cut  mefenterics  did 
not  exceed  four  times  the  diameters  of 
the  converging  flit  arteries  of  the  guts.* 
.  From  what  has  been  faid  it  may  ap- 
pear, that  the  velocity  of  the  blood 
will  not  be  the  fame  in  all  the  arterys  of 
the  fame  diameter,  (as  fome  have  fond- 
ly imagined,  and  been  at  no  fmall  pains 
to  prove),  but  will  be  greater  or  lefs, 
according  to  their  diilance  from  the 
heart,  the  excefs  of  tlie  areas  of  the 
branches  above  their  trunks,  the  angles 
at  which  they  go  oiE,  and  the  number 
and  degree  of  their  flexures. 
•  Agreeably  to  this,  Br.  Hales  oh- 
ferved,  that,  in  a  capillary  artery  of  the 


Hales'^s  ftat^cal  Eflays,  vol.  2.  exp.  ix. 


iungs 
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lungs  of  a  frog  (where  the  diflance  from- 
the  heart  is  but  fniall,  and  where  the 
excefs  of  the  area  of  all  the  branches 
above  their  trunk,  is  not  near  fo  great 
as  in  the  other  parts  of  the  body),  the 
blood  moved  forty  three  times  fafler 
than  in  a  capillary  artery  of  one  of  thQ 
mufcles  of  the  lower  •  belly  *  :  aud- 
it is  probable  that,  next  to  the  lungs, 
the  blood  moves  quickeft  thro'  the 
velTels  of  the  heart.  In  confequence 
of  this  quick,  circulation,  it  muft  be 
evident,  whether  we  fuppofe  animal 
heat  ta  arife  from  the  fricVion  of 
the  blood  upon  the  (ides  of  the  velTels, 
or  from  an  intelline  motion  among  its 
fmall  particles,  that,  ceteris  paribus^ 
more  heat  mud  be  generated  in  the 
lungs  and  heart  than  any-  v/hcre  elfe; 
and  hence  the  neceinty  of  continual  fup- 
plies  of  freih  air  to  cool  the  blood  in 
its  paffage  through  the  pulmonary  vef- 
fels.  Nor  is  this  opinion  founded  in 
theory  alone  3  for,  upon  trial,  it  will 
B  2  appeaj^3 

*  Statical  EiTays,  vol.  2.  p.  68. 
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appear,  that  the  greatefl:  heat  in  any  a- 
nimal  is,  ahiioll  always,  about  the  heart. 
In  a  jackdaw,  the  heat  below  the  wing 
made  the  mercury  in  my  thermometer 
rife  to  1 04  degrees  of  Farenheit^s  fcale ; 
within  the  intejiinum  return y  it  rofe  to 
1071;  and,  when  applied  to  the  heart, 
it  reached  109.  And,  agreeably  to 
this,  I  have  found  the  heat  in  a  pigeon's 
heart  above  a  degree  greater  than  with- 
in the  intejiinum  re  Bum, 

Upon  thewhole^  if  the  moment  of 
a  fmgle  red  globule  of  blood  arifing 
from  the  preiling  force  of  the  heart, 
does  not,  in  its  capillary  artery,  even 
bating  friction,  exceed  twice  its  own 
weight  or  25^713-50  part  of  a  grain;  and 
if  that  lofs  of  motion  which  it  mult 
have  fuilained  by  frid:ion  in  its  way 
from  the  heart  thither  be  confiderable,  as 
one  may  reafonably  conclude  from  what 
has  been  advanced  upon  this  head  5  it  will 
fpllow,  that  the  real  remaining  force  of 
fuch  a  globule,  when  it  arrives  at  a  red 
capillary  artery,  may  probably  fall  ftort 

of 
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of  its  own  weight,  and  mufl  be  fo  ex- 
tremely fmall  that  it  can  (carcely  be 
fuppofed  fufficient  to  overcome  the  re- 
finance it  mull  meet  with,  in  paffing 
through  a  vefTel  by  which  it  is  clofely 
embraced  on  all  fides,  altho'  the  ante- 
rior fluid  in  the  capillary  veins  Vv^ere 
no  obltacle  in  its  way, 

I  defire  it  may  be,  here,  underilood^ 
that  the  above  calculations  are  by  no 
means  intended  as  demonftrations,  but 
rather  as  illullrations,  in  the  prefent  ar-- 
gument  concerning  the  force  of  the 
blood  in  the  fmaller  velTels ;  and,  allow- 
ing that  by  them  the  moment  of  a  red- 
globule  in  its  capillary  artery  comes 
out  too  fmall,  either  from  our  havings 
with  Dr.  Hales ^  rated  the  general  force 
of  the  left,  ventricle  of  the  heart  too 
low,  or,  with  Dr.  Keil^  the  number  of 
branchings  of  the  arteries,  and  the  pro- 
portion they  bear  to  their  trunks,  too 
high  ;  yet  it  mufb  be  evident,  that,  in 
the  inferior  orders  of  veiTels,  the  fluids 
cannot  be  propelled  by  the  power  of  the 
B  3  ^  hearty 
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heart,  or,  which  is  the  fame  thing,  that 
the  left  ventricle  of  the  heart  does  not, 
by  its  direct  proje(5lile  force  at  every 
contraction,  puih  on  and  move  forward 
the  whole  circulating  fluids  in  all  the 
velfels  of  tlie  body. 

'Dk.  Hales  obf^rved  the  blood's  mo- 
tion accelerated  by  every  fyjiole  of  the 
heart,  not  only  in  the  fmall  arteries,  but 
alfo  in  the  nafcent  capillary  veins  of  the 
lungs  of  a  frog ;  and  Lewenhoeck  aifures 
us  he  has  feen  the  fame  thing  in  other 
parts  of  various  animals :  fo  that  it  is 
not  to  be  doubted,  that  the  projedlile 
force  of  the  heart  reaches  at  leafl:  as  far 
as  the  capillary  arteries  of  the  firfb  or- 
der, nay,  is  probably  continued,  for 
fome  fmall  way,  along  their  correfpond- 
ing  veins;  efpecially  when  thefe  are 
not  far  from  the  heart. 

But  that  the  moment  of  the  blood 
in  the  red  capillary  arteries,  at  any 
confiderable  diilance  from  the  heart, 

muft 

*  Statical  EfTays,  vol.2,  p. 69. 
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muft  be  very  fmall,  will  appear  from  an 
obfervation  of  Dr.  Hales -^  according  to 
which  the  velocity  of  the  blood  in  one 
of  thefe  arteries  in  the  abdomen  of  a 
frog,  was  near  900  times  lefs  than  the 
equable  velocity  of  this  fluid  in  the  aor^ 
ta  of  a  man* 3  and  confequently  2.6 
times  lefs  than  we  have  computed  it  to 
be  in  a  human  red  capillary  :  where- 
fore the  excefs  of  the  moment  of  a 
red  globule,  in  fach  an  artery  of  a  frog, 
above  the  refiflance  it  had  to  over- 
come, only  amoanted  to -3^  33  loo  or  part  of 
a  grain,  and  fo  iiiufl:  have  fallen  a  good 
deal  ihort  of  ^  of  its  own  weight ;  fup- 
poiing  the  globules  of  red  blood  in  a 
man  and  a  frog  to  be  of  the  fame  mag- 
nitude, which  does  not  feem  impro- 
bable f. 

If  then  the  remaining  moment  of  a 
red  globule  in  its  capillary  artery,  after 
having  overcome  the  refiftance  of  the 
anterior  blood  in  its  correfponding  vein, 

does 

*  Statical  EiTays,  p.  47.  and  68. 
t  Med.  EiTays,  vol.  2.  art.  vii.  §  v. 
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does  not  amount  to  f  of  its  own  weight ; 
it  mufl  be  evident,  that  the  ferous  and 
fmaller  globules  which  move  along  with 
the  red  ones,  mull  be  applied,  by  the 
proje(5lile  force  of  the  heart,  to  the  o- 
rifices  of  the  lateral  ferous  arteries  with 
a  very  inconfiderable  force  :  fuch  a  one, 
furely,  as  will  be  far  from  being  able  to 
pulli  thefe  fluids  thro'  the  ferous,  lym- 
phatic, and,  for  any  thing  we  know, 
many  more  inferior  orders  of  veflels. 

But,  to  fet  this  m_atter  in  a  flill 
ftronger  light,  we  fhall,  upon  the  prin- 
ciples above  laid  down,  endeavour  to 
inveiligate  the  force  of  the  heart,  at  the 
origin  of  the  nerves. 

Lewenhoeck  tells  us,  that  he  difco- 
vered  veiTels  in  the  cortical  part  of  the 
brain,  which  could  not  admit  a  globule 
whofe  diameter  was  y  21000  part  of  an 
inch*;  and  he  obferved  the  fibres  of  its 
medullary  fubflance  to  be  either  qua- 
drangular or  hexangular  :  whence  he 
concludes,  that  they  mull  be  compofed 

of 

*  De  cer^bro,  p.  35. 
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of  fmaller  fibres,  whofe  extreme  mi- 
nutenefs  made  it  impollible  for  hii^  to 
difcover  any  thing  of  their  figure,  nor 
does  he  think  they  can  ever  be  feen  di» 
Itinclly  by  human  eyes  *, 

Dr.  Porterjield  has,  indeed,  from  an 
experiment  of  Dr.  Hook^  computed  the 
diameter  of  a  iingle  nervous  fibre  to  be 
-~~^  part  of  an  inch  -f  ;  but,  as  the 
bell  microfcopes  have  never  been  able 
to  difcover  any  cavities  in  the  nerves^ 
^tis  certain,,  that,  if  they  are  hollow 
tubes  at  all,  the  diameter  of  their  cavi- 
ties mufl  be  a  great  deal  lefs  than  this,, 
and  perhaps  fall  ihort  of  ioo'oTT  part 
of  an  inch ;  for  a  microfcope,  which 
magnifies  the  diameter  of  an  object  800 
times,  would,  upon  this  fuppofition^ 
make  the  cavities  of  the  nerves  appear 
equal  to  a  point  whofe  diameter  is  ~- 
part  of  an  inch,  which  is  an  objedt  that 
may  be  difcovered  by  a  good  eye. 
Lewenhoeck^  Ws  true,  towards  the  end 
of  his  days,  and  when  turned  of  eighty 

years^ 

*  Epill.  34.        t  Med.  E£  vol,  iv. 
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years,  pretended  oftener  than  once  to 

have  feen  cavities  in  the  nerves  ,very 

diflinclly.      But   it  happens    unluckily 

for  this   difcovery,    that  no  body  has 

been  able  to  confirm  it  fmce  his  death : 

nor  could  he,  v/hen  alive,  tho'  he  faw 

thefe  cavities  himfelf,  fhew  them  to  any 

one  elfe ;  as  appears  from  the  following 

pafTage  in  his  3  2d  epiftle  :    ''  Id  unum 

'  in  hoc  negotio  male  me  habet,   quod 

'  cavitates  illas  nemini  pofTum  confpi- 

'  cuas  exhibere  5  nam  Iimulac  illas  ocu- 

^  lis  meis  examinandas  admoveo,  illico 

'  et  minuto-  citius    per  exiiccationem 

'  coniidunt/'  But  if  the  ultmiate  fibres- 

of  the  medulla  oblongata  were  fo  fine  that 

he  could  difcover  nothing  of  their  Ihape 

or  figure,  as  he  himfelf  confefles,  it  will 

not  be  thought  probable  that  he  could 

difcover   the    cavities   of  the   nerves,. 

which  feem  to  be  a  produdion  of  thefe,, 

and  at  leaft  equally  fubtile  with  them. 

But,  left  any  one  unaccuftomed 
to  fpeculations  of  this  kind  lliould  think. 
the  motion  of  a  fluid  thro'  fuch  vaftly 

fubtile 
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fubtile  veflels  as  the  nerves  almoft  im* 
pofTible,  let  him  refled  a  little  on  the 
infinite  divifibility  of  matter,  and  par- 
ticularly on  the  extreme  dudility  of 
gold,  which  may  be  drawn  over  filver 
fo  as  the  thicknefs  of  the  fkin  of  gold  (in 
which  however  the  befl  microfcope 
cannot  difcover  the  fmalleil  pore)  ihall 
not  amount  to  ttt^-^v^  part  of  an 
inch*;  i,  e,  -^~  part  of  what  we  fuppofe 
the  diameter  of  the  cavity  of  a  nerve 
may  be :  fo  that  the  particles  of  fuch  a 
leaf  of  gold  fwiniming  in  a  fluid  might 
pafs  more  eafily  thro'  the  nerves,  than 
a  fingle  globule  of  red  blood  does  thro* 
its  capillary  artery. 

Further,  a  foap-bubble,  when 
managed  after  Sir  Ifaac  Newton's,  me- 
thod, exhibits,  jull  before  it  breaks,  a 
black  fpot  upon  its  fuperior  parts  ;  the 
thicknefs  of  which,  according  to  his 
theory  of  light  and  colours,  fcarcely  ex- 
ceeds 7^-^vv^T  pait  of  an  inch.  Hence 
we  fee,  that  a  fluid  compofed  of  foap 

and 
*  Memoires  de  I'Acad.  des  Sciences,  ar^  171 3. 
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and  water,  i.  e,  of  alcaline  fait,  lime, 
oil  and  water^  may  be  divided,  by  hu- 
man art,  into  parts  whofe  diameter  is 
fifteen  times  lefs  than  that  which  we 
have  aiEgned  to  the  nerves,  and  con- 
fequently  that  fuch  a  compound  fluid 
might  ealily  pafs  thro'  their  cavities. 

Let  us  then  fuppofe  the  diameter 
of  the  cavity  of  a  nerve  to  amount 
to  TTV^-^-^  P^rt  of  an  inch,  and  the 
area  of  its  tranverfe  fedion  will  be 
o.  0000000000196  'y  which  multiplied 
into  90  (the  height  of  a  column  of 
blood  whofe  weight  is  fuppofed  equal 
to  the  preffing  force  of  the  left  ventri- 
cle of  the  heart)  gives  o.  00000000 176 
parts  of  a  cubic  inch  of  blood,  or 
TTj-^^-^  part  of  a  grain ;  which 
would  be  equal  to  the  moment  of  the 
animal  fpirits  at  the  origin  of  the 
nerves,  arifing  from  the  impulfive  force 
of  the  heart,  if  there  were  no  lofs  of 
motion  from  fridlion, .  and  if  the  area 
of  the  tranfverfe  fedion  of  the  aorta 
were  equal  to  the  areas  of  the  tranf- 
verfe 
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verfe  fedions  of  all  the  extreme  capil- 
lary veiTels,  in  which  the  numerous 
branches  and  ramifications  derived  from 
the  aorta^  at  lafl  terminate.  But,  if 
we  confider  how  greatly  the  latter  mull 
exceed  the  former,  and,  upon  Dr. 
Zi?///'s  principles,  enter  into  a  computa- 
tion of  the  effed  w^hich  this  mufl  liave 
upon  the  motion  of  the  nervous  fluid ; 
we  ihall  find,  that  its  velocity  will  be 
to  that  of  the  blood  in  the  aorta^  near- 
ly as  I  to  20000  ;  and  confequently  the 
moment  of  the  nervous  fluid,  arifmg 
from  the  protrufive  force  of  the  heart, 

will  be  only  equal  to  zi^'ooooX+oqoooooo 
I 

—     8 5 60 00 000000000 • 


If  we  imagine  a  fphere  to  be  compo- 
fed  of  the  particles  of  the  nervous  fluid, 
whofe  diameter  is  equal  to  the  diame- 
ter which  we  have  affigned  to  the  ca- 
vity of  a  nerve  ;  then,  taking  its  fpe- 
cific  gravity  to  be  the  fame  with  that 
of  water,  its  weight  will  amount  to 
51^^8  7  s'o 3 15  51 4  part  of  a  grain,  /.  e,  near 
19  times  more  than  th^  force  with 
C  vdiicli 
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which  it  is  pulhed  forward  by  the  con- 
tradion  of  the   left  ventricle  of  the 
heart,  even  upon  the  fuppofition  that 
it  had  met  with  no  refiflance  from  fri- 
dlion  in  its  palTage  through  the  fmall 
velTels  of  the  brain.     Hence  the  mo- 
ment of  a  fmall  fphere  of  animal  fpirits 
in  a  nerve,  is  38  times  lefs  in  propor- 
tion to  its  weight,  than  the  moving 
force  of  a  globule  of  red  blood  in  its  ca- 
pillary artery.      And  the  diiference  of 
their  forces  will  be  flill  greater,  in  pro- 
portion to    the  refiflance  which  each 
has  to  overcome  ;    fince  the  refiflance 
to  the  motion  of  a  fluid,  from  fridion, 
mufl  be,  c ceteris  paribus^  as  much  great- 
er in  the  nerves  than  in  the  red  capil- 
lary arteries,  as  the  diameter  of  the  lat- 
ter exceeds  the  diameter  of  the  former. 
But  further,  fince,  the  longer  any 
capillary  is,  the  more  will  the  motion 
of  a  fluid  be  retarded,  and  confequently 
its  force  be  diminiilied  in  it ;   'tis  eafy 
to  fee  that  in  the  nerves,  whofe  cavi- 
ties are  fo  inconceivably  fmall,   but 

whofe 
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whofe  length  is  generally  very  confi- 
derable,  the  force  of  the  heart,  which 
we  have  iliewn  to  be  furprifingly  Httle, 
muft  be  altogether  unable  to  overcome 
the  fridion,  nay  even  the  mutual  at- 
tradion  of  cohefion  betwixt  them  and 
their  fluid,  and,  confequently,  be  of  it- 
felf,  and  when  unailifted  by  any  other 
power,  wholly  infufEcient  to  propel! 
the  animal  fpirits  to  all  the  different 
parts  of  the  body.  And  this,  even  up- 
on the  fuppoiltion  that  the  nerves  w^re 
continued  direclly  from  the  extremely 
minute  capillary  arteries  :  but,  if  we 
confider  how  much  the  force  of  the 
blood  mufl  be  broken  in  paffing 
through  the  infinitely  convoluted  and 
amazingly  fine  velTels  of  the  cortical 
part  of  the  brain,  together  with  the  fol- 
licles in  which  thefe  are  imagined,  by 
fome,  to  terminate  5  what  we  have  been 
contending  for,  will  appear  fiill  more 
evident. 

Lastly,  the  above  reafoning  re- 
ceives additional  weight  from  thofe  ex- 
C  2  periHients 
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■periments  which  fhew  that  the  bram 
may  be  noiirifhed,  perform  its  olilce, 
and  aiFord  fiifficicnt  fupply  of  fpirits  for 
carrying  on  all  the  vital  and  animal  fim- 
<R:ions,  altho^  the  blood  is  pufhed  by  the 
heart  into  its  veiTels  vvitli  a  great  deal 
lefs  force  than  ufnaL  Thus  the  learn- 
ed Dr.  Van  Swielen  informs  ns,  that  he 
tied  both  the  carotid  arteries  of  a  dog 
without  any  obfervable  harm  to  him ; 
on  the  Contrary,  he  continued  twelve 
days  healthful  and  lively  :  after  which 
time  he  opened  his  fkull,  bat  could  dif- 
cover  nothing  praeternatural  in  the 
brain*.  Now,  as  in  this  dog  the 
brain  could  only  be  fupplied  by  the 
vertebral  arteries  Vv'hich  inofculate  with 
the  carotids,  the  velocity,  and  confe- 
quently  the  moment  of  the  blood,  mult, 
at  the  fame  time  that  it  was  confidera- 
bly  lefTened  in  the  ramifications  of  the 
former,  have  been  fo  remarkably  dimi- 
niilied  in  thofe  of  the  latter,  by  reafon 
of  the  fmallnefs  of  the  branches  with 

which 
*  Comment,  in  Boerh.  aphor.  vol.  i.  p.  266. 
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which  they  communicate,  compared 
with  the  trmiks  of  the  carotids,  as  to 
fliew,  beyond  doubt,  that  tlie  fecretion 
of  the  nervous  fluid,  and  its  derivation 
to  the  feveral  parts  of  the  body,  do  not 
depend  fo  much  upon  the  force  of  the 
heart  as  has  been  generally  imagined, 
but  mufl  be,  in  a  great  meafure,  owing 
to  fome  other  caufe^ 

Having  iliewn  how  inconliderabfe' 
die  moment  of  the  Huids  arifing  from 
die  proje^flile  force  of  the  heart  mull 
be,  in  the  inferior  orders  of  vefTels,  and 
particularly  at  the  origin  of  the  nerves  5 
we  come  now  to  take  a  view,  fome- 
what  different,  of  the  matter,  and  to 
compare  the  real  force  of  the  left  ven- 
tricle of  the  heart  with  the  obltacles  it 
has  to  overcome,  upon  the  fuppoiition 
diat  at  each  fyftole  it  puflies  forward  the. 
whole  circulating  fiuids  in  ail  the  arte- 
ries  and  veins  of  the  body, 

Borelli    computed    the     reiiftance^, 

which  the,  blood  meets  with  in  circular 

C   3  ting^ 


'30        PHYSIOLOGICAL 

ting  thro'  all  the  veffels  of  the  human 
body,  to  be  equal  to  1 80000  pounds 
weight  *:  but,  tho'  this  be  over-rating 
the  matter  very  much,  yet,  after  all  the 
abatements  that  can  be  reafonably  al- 
lowed, there  will  remain  a  reiiilance  by 
much  too  great  to  be  overcome  by  the 
force  alone  of  the  left  ventricle  of  the 
heart ;  a  force,  which  cannot,  in  man, 
amount  to  60  pounds  weight  f ;  as 
far  as  can  be  gathered  from  the  lateft 
and  bell  experiments,  v/hich  have  been 
made  on  other  animals,  in  order  to  de* 
termine  the  preffing  power  of  their 
heart.  Yet,  inconiiderable  as  this  force 
is,  it  is  not  to  be  regarded  as  that 
communicated  to  the  blood  in  the 
dorla,  hut  only  as  the  preiTure  or 
weight  fuflained  by  the  whole  internal 
furface  of  the  left  ventricle  of  the  heart 
juft  when  it  begins  to  contradl ;  and 
the  force  vAth  which  the  blood  is  im- 
pelled into  the  aorla,  W'ill  (fince  fluids 

prefs 

*  De  motu  animal,  part.  2.  prop.  73. 

^'  Dr.  Ha/es  makes  it  only^  5 1  pounds,  Statical 
'MJfays^yoh  Z.  p.  /jjO^ 
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prefs  equally  undequaque)  bear  no  great- 
er proportion  to  this,  than  the  area 
of  the  orifice  of  the  aorta  does  to  the 
whole  internal  furface  of  the  left  ven- 
tricle of  the  heart ;  i.  e.  fuppofing  the 
area  of  the  orifice  of  the^^r/^zzo.5  of 
a  fquare  inch  and  the  internal  furface 
of  the  left  ventriclezz  15  fquare  inches  % 
as  I  to  30;  and  therefore  the  force 
with  which  the  blood  is  puilied  into  the 
/zorta^  mull  fall  fhort  of  3^0  of  60 
pounds  weight.  Hence  a  refiilance  m 
the  aorta^  equal  to  two  pounds,  will 
require  a  force  of  above  60  pounds  ex* 
erted  by  the  whole  internal  furface  of 
the  left  ventricle  of  the  heart  to  over- 
come it  I  from  wnich  it  follows,  eithet* 
that  the  reliilance  to  the  motion  of  the 
blood  in  the  ao',ta  and  all  its  branches 
and  ramifications  muft  be  lefs  than  two 
pounds,  which  I  believe  no  body  will 
affirm ;  or  elfe  that  the  protruUve  force 
of  the  left  ventricle  of  the  heart  alone^. 

is 

*  HaleslQZ.dm. 
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is  unable  to  drive  tlie  blood  thro'  dl 
thefe  velTels,  and  confequently  infuffici- 
ent,  without  the  ailiflance  of  fome  o- 
ther  power,,  to  carry  on  the  circula- 
tion. 

If  any  one  Ihould,  on  this  occafion, 
have  recourfe,  with  the  learned  Borellij 
to  the  vis  perctiijwnis^  we  need  only  ob- 
ferve  that  the  force  of  the  heart,  is  evi- 
dently not  a  pcrcuflive  but  a  preiling 
one  ;  fo  that,  akho'  the  leaft  percuflive 
force  may  be  greater  than  any  f-nite 
imiefcent  relillance,  yet  this  will  not 
hold  true  of  a  preiling  force,  which,  in 
order  to  have  any  fenfible  efted,-  mufl 
be  greater  than  the  refiftance  it  has  to 
overcome :  to  fay  otherwife,  is  to  affirm 
that,  with  the  preffing  force  of  one's 
hand,  the  greateit  mountain  might  be 
moved  out  of  its  place. 

Nor  is  Dr.  Keill's  account  of  this 
matter  more  fatisfadory,  viz,  that,  the 
blood  being  once  put  in  motion,  a  very 
fmall  force  in  the  heart  may  be  fufficient 

to 
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to  keep  it  always  in  this  flate  :  for  this 
force  mufk  be  equal  to  the  lofs  of  mo- 
tion, fuftained  by  the  blood,  in  every 
circulation,  and  confequently  to  the  re- 
fiilance  which  this  fluid  meets  with  in 
its  paffage  thro'  alt  the  vefTels  of  the 
human  body  ;  a  reiifcance  by  far  too 
great  to  be  balanced  by  the  few  ounces 
to  which  the  Do5for  has  reduced  the 
force  of  the  left  ventricle  of  the 
heart  *. 

But  that  the  foundation  upon  which 
Dr.  Keiil  proceeds  is  falfe,  and  that  the 
heart  can  really  communicate  a  nev/ 
motion  to  the  blood  when  the  old  one 
is,  in  a  great  meafure,  loll,  and  after  all 
the  fluids  have  been  for  fometime 
alm.oll  intirely  at  a  (land,  is  evident 
from  the  recovery  of  people  who  have 
lain  for  fometime  in  ^ifyncope^  and  from 
the  revival  O'f  the  fleeping  animak, 
which  are,  in  appearance,  dead  all  the 
winter-feafon.  But  further,  fince  the 
blood,   when  it  returns   to  the   right 

ventricle. 
*  Ten  tarn.  med.  phyf.  3.  da  vi  cordis. 
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ventricle  of  the  heart,  has  fcarce  \  o  af 
the  force  with  which  it  was  thrown 
into  the  aorta  *,  'tis  plain  that  it  ac- 
quires, every  circulation,  TO  of  its  force 
in  paffing  thro'  the  heart  and  lungs. 

Thus  much  being faid  to  fliew  that 
the  force  of  the  heart  is,  of  itfelf,  not 
fufficient  to  carry  on  the  circulation, 
we  ihall  next  briefly  confider  the  alter- 
nate contraction  of  the  aorta  and  its 
branches,  which  has  been  juitly  reckon- 
ed among  the  chief  caufes  of  the  mo- 
tion of  the  blood. 

The  blood  thrown  out  at  every 
iyftole  by  the  left  ventricle  of  the  heart, 
is  not  inftantly  tranfmitted  thro'  the 
capillary  arteries  into  their  correfpond- 
ing  veins,  but  the  greateft  part  of  it  is 
accumulated  in  the  now-dilated  arteries, 
and  is,  during  their  fucceeding  contra- 
ction, conveyed  on  thro'  the  fmaller 
veflels.  This  contraction  however  of 
the  arteries  may,  perhaps,  be  coniidcr- 
ed,   rather    as  a  continuation   of  the 

hearths 
*  Ha/es's  Statical  Effays,  vol.  z. 
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heart's  force,  than  as  any  new  power 
impreiTed  on  or  communicated  to  the 
blood ;  fince  it  does  not  appear  that 
the  arteries  contract  with  a  greater 
force  than  that  by  which  they  were 
dilated.  But,  whatever  may  be  the 
force  with  which  the  aorla  and  its 
branches  reftore  themfelves,  we  know 
certainly  that  it  is  lefs  than  the  fyilolic 
power  of  the  left  ventricle  of  the  heart; 
becaufe  the  blood  is  obferved  always  to 
be  projeded  to  a  greater  diflance  from 
a  cut  artery  during  its  diaftole^  than  in 
the  time  of  its  ^/^/^.  Whence  it  fol- 
lows that,  if  the  force  of  the  heart  is 
infufficient  to  account  for  the  motion 
of  the  fluids  thro'  the  inferior  orders 
of  veiTels,  the  alternate  contradlion  of 
the  mufcular  coat  of  the  aorta  and  its 
branches  mufl  be  fo  likewife.  It  is, 
however,  to  be  obferved  that  the  fan- 
guiferous  arteries,  whofe  numerous 
branches  aredifperfed  everywhere  thro* 
the  body,  mull  not  only,  by  their  alter- 
nate 
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nate  contniclioii,  contribute  to  pufli 
forward  their  contained  fluids,  but  alio, 
by  their  dilatation,  fo  comprcfs  the  in- 
ferior orders  of  veffels,  as  fomewhat  to 
promote  the  motion  of  the  fluids  in 
them  *.  I  ilialj  only  add  on  this  head, 
that,  as  the  alternate  contrad:ion  of  the 
arteries  depends  intirely  upon  their 
preceeding  dilatation  by  the  heart,  fo^ 
in  the  ferous  and  inferior  orders  of 
arterial  veiTels  to  which  the  projectile 
force  of  the  heart  feems  not  to  reach, 
there  is  no  fuch  alternate  dilatation  and 
contraction  to  be  obferved  -f. 

With  refped:  to  gravity,  which 
fome  have  reckoned  among  the  caufes 
promoting  the  circulation,  it  is  fufnci- 
ent  to  obferve,  that  in  a  horizontal  po- 
rtion of  the  body,  it  can  have  no  elfed:; 
and,  in  an  ere6t  one,  it  mull  retard  the 
return  of  the  blood  hj  the  vena  cava 
inferior,  as  much  as  it  promotes  its 
motion  downwards  in  the  aorta  and  its 
branches. 

There 

*  Vid.  Medical  EiTays,  vol.  5 .  p,  2  Edit.  3 .  page  39^ 
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There  is  fcarcely  any  thing  that 
will  fooner  or  more  naturally  llrike  the 
mind  of  one  who  inquires  into  the 
caufes  of  the  motion  of  the  fluids  in  the 
very  minute  veiTels  of  animals,  as  well 
as  vegetables,  than  that  furprifing 
power  of  attrad:ing  liquors  which 
capillary  tubes  are  endowed  with.  But 
altho'  the  attradive  power  of  capillary 
tubes  may  afRll  us  in  accountnig  for 
the  imbibition  of  fluids  by  the  vciTels 
commonly  called  abforbents,  as  we 
lliall  afterwards  have  occafion  to  fhew ; 
yet  it  mud  appear  evident  to  every  one 
acquainted  with  the  phenomena  of  thefe 
tubes,  that  this  attraction  can  be  of  no 
ufe  in  promoting  the  circulation  of  the 
blood  in  the  capillary  arteries  and 
veins :  fince  thefe  vellels  are  always 
full-,  or,  if  they  were  not,  the  fluids 
would  be  determined  by  it,  equally 
backward  towards  the  larger  arteries 
as  onwards  to  the  veins. 

D  SECT. 
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SECT.     II. 

^hat  the  lihratory  motion  of  the  [mall 
vejjels  of  animals  is  the  principal  caufe 
promoting  the  circulation  of  the  fluids, 

•Having  fhewn  the  infufficiency  of 
the  powers  already  mentioned  to  ac- 
count for  the  circulation  of  the  fluids 
in  the  very  fmail  veiTels  of  animals,  we 
fliall  now  proceed  to  explain  v/hat  we 
imagine  to  be  the  principal  caufe  of  this 
.circulation. 

Altho%  as  has  been  obferved  a- 
bove,  the  regular  alternate  pulfation  of 
the  arteries  does  not  extend  beyond  the 
capillaries  of  the  firil  order,  except, 
perhaps,  in  places  very  near  the  heart ; 
yet  we  are  not  to  coniider  the  ferous, 
lymphatic,  and  other  Hill  fmaller  vef- 
fels,  as  unadive  canals  no  ways'  contri- 
buting to  promote  the  circulation  of 
their  different  fluids :  .on  the  contrary, 
it  feems  highly  probable,  that  thefe  vef- 
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fels  are  continually  agitated  with  very 
fmall  alternate  contrad:ions,  to  which 
the  circulation  in  them  is,  in  a  great 
meafure,  owing. 

Maky    phyfiological  writers   have 
fuppofed  an  ofcillatory  motion  in  the 
faiall  velTels  of  animals*,  but  few  have 
:feid  any  thing  fatisfactory  concerning 
the  caufe  of  this  motion.     BagUvi  fup- 
pofed the  membranous  parts  of  the  bo- 
dy to  derive  their  ofcillations  from  the 
dura  mater ;  and  the  vafcular  fyftem  and: 
fiefhy  fibres,  theirs  from  the  head-:-  but,, 
as  it  is  now  pafr  doubt  that  the'  dura 
mater  has  no  other  motion  than  what  a- 
rifes  from  the  pulfation  of  its  own  vef- 
•fels  or  thofe  of  thq  brain;    and  as  the^ 
alternate  contraction  of  the  arteries  de- 
pending upon  their  preceeding  dilata- 
.  D  2  tioa- 

*  Among  ctners,  tlie  learned  Dr.  De  Carter^ 
in  his  treatife  de  fnotu  wtali^  has  not  only  admit- 
ted a  vital  ofcillatory  motion  in  the  fmall  vef- 
lels,  but  endeavours  to  fhew  that,  without  this, 
the  force  of  the  heart  v/ould  be  unable  to  carr^ 
on  the  circulation,  §lvi.  l^c„ 
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tion  by  the  blood  thrown  out  by  the 
heart,  has  no  place  in  the  ferous,  lym- 
phatic, and  inferior  orders  of  vefTels  ; 
the  vibratory  motions  of  thefe  canals 
muil  be  deduced  from  fome  other  caufe. 

Many  experiments  and  obfervations 
Ihew  that  the  miifcular  fibres  of  animals 
are  fo  framed,  as  to  be  readily  excited 
into  contradlion  by  a  Jiimulus.  The 
fmall  velTels,  therefore,  which  are  en- 
dowed with  a  mufcular  coat,  as  well  as 
the  larger  ones,  mull  necelTarily  be  agi- 
tated with  alternate  contractions,  as  of- 
ten as  they  are  adled  upon  by  any 
thing  capable  of  gently  irritating  them  ; 
but  fuch  are  the  blood  and  finer  fluids 
derived  from  it,  w^hich,  while  they 
flowly  glide  through  the  fmall  veflels, 
ftlmulate  their  internal  fur  face,  fo  as  to- 
excite  them  into  gentle  but  continue 
ally  repeated  contradions. 

Some  of  the  greatefl  philofophers 
and  phyficians,  of  ant  lent  as  well  as  la- 
ter times,  have  imagined  the  blood  ta 
ht  a  very  active  fl.uid,   endowed  with 

uncommon 
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nncommon  qualities,  and,  as  it  were, 
the  fountain  and  fource  of  life  in  ani- 
mals * :  nor  da  they  feeni  to  have  been 
led  into  this  opinion  fo  much  from  any 
favourite  theory,  as  from  experiments 
and  obfervations  made  on  living  and 
dying  animals.  But,  without  entering 
into,  much  lefs  defending,  the  peculiar 
notions  of  thefe  authors  concerning  the 
blood,  we  fhaH  only  fay,  that  this  fluid- 
is  extremely  well  fitted  to  adl  as  a  gen- 
tie  Jlimulus  upon  the  fenfible  fibres  of 
animals,  whether  we  confider  its  com- 
pofition,  heat,  or  intefline  motion  :  for, 
while  the  faline  and  other  acrid  parti- 
cles ia  the  blood  render  it  fit  to  irritate 
the  tender  velTels,  its  heat  and  inteftine 
motion  keep  all  its  parts  in  a  perpetu- 
ally vibrating  ftate,  which  muft  in^ 
creafe  their  flimulating  power  i".  A- 
greeably  to  this,  we  find,  that,  in  ma° 
D  3  ny 

*  y/'//?^?/'.  hiftor.  animal,  lib.  3.  cap.  1^9;  et 
Harfvey  de  generatione  animal,  exercitat.  li.  lii. 
et  Ixxi. 

f  See  an  EITay  on  the  vital  and  other  invo* 
luntary  motion^s  of  animals,  fed,  3, 
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ny  inf^wAs  and  fome  larger  animals,  the 
circulation  becomes  niore  languid,  as 
the  weather  grows  colder,  and,  in  the 
winter  leafon,  is  altogether  at  a  liand, 
till,  by  the  heat  of  the  returning  fpring, 
the  particles  of  the  fluids  begin  to  be 
briildy  agitated,  and  confequently  the 
folids  llimulated  into  contraction.  Do- 
ctor Harvey  has  long  fince  remarked, 
that  the  hearts  of  federal  ihell-fifhes  are 
only  fecn  to  beat  in  v/arm  weather  f ; 
and  the  curious  obfervations  of  Reaur 
mur  have  Hiewn  us,  that  the  lives  of  in- 
fects may  be  lengthened  or  iliortened:, 
and  made  more  orjefs  active,  by  expo- 
ling  them  to  diiieient.  degrees  of  heat 
and  cold  J. 

Th  u  s  m.uch  being  faid  to  Hiew,  that 
the  blood  is  well  fitted  to  adl  as  a  fti- 
midus^  we  Ciall  offer  fome  further  con- 
iiderations  to  prove,,  that  the  fmall  vef- 
fcls  are,  by  its  influence,  really  exci- 
ted into  alternate  contradions.     And, 

I.  We: 

•f:  De  motu  fang.  ca-p.  xvii. 
^■ 
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I.  We  ape  led  to  conclude  this  from 
what  we  obferve  in  the  larger  canals 
and  velfels  of  animals.  Thus  the  fe- 
veral  portions  of  the  inteftinal  tube 
are  foliciced  into  alternate  contractions 
by  the  aHment,  air,  and  bile,  ftretching 
their  coats  and  ftiniiikting  their  inter- 
nal  furface  :  and,  as  we  imagine  an  al- 
ternate motion  in  the  fmall  velTels  necef- 
fary  to  promote  the  circulation  of  the 
iiiiids  in  them,  fo  we  know  certainly^ 
that  the  periilaltic  motion  oi  the  guts  is; 
the  principal  caufe  which  conve3^s  the  di- 
gefted  aliment  down  towa]  ds  the  anus. 

Not  only  the  auricles  and  ventricles 
of  the  heart,  but  alfo  the  trunks  of  the 
.venae  cavae  adjoining  to  the  i\^)^x.  f'nus 
venofus^  are  continuahy  agitated  with 
alternate  contra flions*..  The  trunks 
of  the  venae  cavae  ^xdQX\^  this  motion, 
in  animals  newly  dead,  a  confiderable 
time  after  the  puliation  of  the  heart 
has  ceafed ;  but  no  fconer  is  the  blood 
contained  in   thefe  velfels   evacuated, 

and 

*  EiTay  on  vital  motions,  ^c.  p.  97  and  354, 
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and  all  new  fupplies  intercepted  by  li- 
gatures, than  their  fides  collapfe,  and 
remain  without  the  fmalleil  motion  * : 
whence  we  are  led  to  conclude,  that 
the  alternate  contractions  of  thefe  veins 
are,  like  thofe  of  the  heart,  owing  to 
the  blood  ading  upon  them  as  2ijlmulus. 

It  is  generally  allowed  by  phyfiolo- 
gifts,  that  the  Jyflole  of  the  larger  fan- 
guiferous  arteries,  in  which  a  remarka- 
ble pulfation  obtains,  is  owing^not  on- 
ly to  their  elafticity,  whereby  they  en- 
deavour fimply  to  recover  themfelves, 
but  partly  alfo  to  a  proper  mufcular 
eontradion  of  their  tendineocarnous 
Goat:  and,  as  this  is  excited  by  the 
blood  pufhed  into  them  by  the  heart, 
which,  at  the  fame  time  that  it  dif- 
Irads  their  fibres,  gently  irritates  their 
internal  f arface ;  it  feems  highly  reafon- 
able  to  allow,  that  the  fmaller  vefTels^ 
endowed  at  leail  with  equal  fenfibility, 
muil  be  excited  into  feeble  but  conti- 
nually repeated   eontradions,   by  the 

gentle 

*  Bartholin,  epift.  cent.  iv.  p.  209,  ^c 
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gentle  fiimulus    of   their    circulating 
fluids. 

Further,  as  there  are  fome  of  the 
more  imperfedl  animals  which  have  no 
heart,  the  circulation  in  them  mull  he, 
owing  to  the  contracflile  power  of  the 
TelTels  themfelves  excited  into  adlion 
by  the  ftimulus  of  the  fluids.  And  that 
the  velTels  of  thofe  animals  which,  in  a 
natural  ftate,  have  a  heart,  are  endow- 
ed with  a  llmilar  power,  feeras  proved 
by  examples  of  monilers  wanting  a 
heart  or  any  thing  analogous  to  it  *,  in 
whom  the  fluids  mull  have  circulated 
chiefly  by  the  power  of  the  veflels. 

2 .  A  variety  of  fad:s  might  be  men- 
tioned, which  clearly  demonltrate  an 
alternate  contradile  power  in  the  fmall 
veflels  of  animals,  and  that  this  is  exert- 
ed more  or  lefs  according  to  the  degree 
of  irritation  afFeding  them. 

OL  Thus, 

*  Van  Swieten  comment,  in  Boerhaave  aph. 
vol.  I.  p.  256;  and  Hilloire  de  Tacad,  dei 
fciences,  1703  ;  &  Memoires,  1740. 
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a  Thus,  the  fleams  of  warm  fpirit 
of  wine  received  into  the  eye,  not 
only  caufe  a  greater  flow  of  tears  from 
their  veiTels,  but,  in  a  few  feconds,  pro- 
duce an  artificialmflammation  in  them, 
that  is,  they  make  the  globules  of  red 
blood  enter  the  ferous  or  lymphatic 
veiTels  of  the  conjun^iva.  Now,  as  this 
adviitional  moment  of  the  blood,  where- 
by it  is  enabled  to  dilate  thefe  vefTels, 
cannot  proceed  from  the  heart  or  larger 
arteries,  fince  their  force  is  not,  nor 
can  be  altered  in  the  prefent  cafe ;  it 
jiiuil:  be  owing  to  the  extraordinary 
ofcillatory  motion  excited  in  the  velTcls 
of  the  eye  by  the  lleams  of  the  fpirit 
of  wine. 

I  prefume  it  will  not  be  alledged, 
that  the  vapour  of  fpirit  of  wine  raifes 
an  inflammation  in  the  eye,  by  con- 
Uringing  its  veffels  fo  as  to  occafion 
an  obilrudion  in  them,  and  that  this 
obilrudlion  afterwards  produces  the  in- 
flammation, by  leiTening  tlie  nmnber 
of  veffels  thro'  which  the  blood  palTes, 

and 
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and  confequently  increaiing  its  force 
upon  the  obllruded  ones  :  for,  not 
to  infill  on  what  might  be  eafily  pro- 
ved, that  no  obflruclion  can  ever  pro- 
duce an  inflammation  except  in  fo  far 
as  it  gives  rife  to  an  iinufaal  irritation  ; 
the  fpirit  of  wine  fhoiild,  by  conllrin- 
ging  the  ferous  and  lymphatic  veiTels  of 
the  conjunBiva^  enable  them  to  fuflaia 
this  additional  force. 

But  further,  why  does  tepid  milk 
and  water,  or  a  poultice  of  bread  and 
milk,  lelTen  an  inflammation  of  the  eye, 
while  acrid  aftringent  and  fpirituous 
things  increafe  it  ?  According  to  the 
dodrine  of  inflammation  from  mere 
obflruclion  together  with  an  increafed 
force  of  the  heart  and  larger  arteries, 
one  would  think  that  the  former  fhould, 
by  relaxing  the  fniall  vefTels,  expofe 
them  to  be  flill  more  and  more  dilated 
by  the  increafed  force  of  the  blood,  and 
fo  increafe  the  inflammation;  while 
the  latter  fhould,  by  conf fringing  thofe 

.  vefTelsj, 
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vefTels,  enable  them  not  only  to  refifl 
the  blood  impelled  by  the  heart,  but 
alfo  expell  the  obflrudling  red  globules* 
But  the  truth  of  the  matter  is,  that  the 
tepid  milk  and  water  and  poultice,  by 
relaxing  the  vefTels,  leiTen  or  remove 
the  irritation  and  fenfe  of  pain,  which, 
by  raifing  uncommon  contradions  in 
the  fmall  veffels,  was  the  caufe  of  the 
inflammation;  while  acrid  aflringent 
and  fpirituous  applications,  tho'  they 
tend  to  conftringe  the  velTels,  yet,  by 
increafing  their  vibratory  contradions, 
greatly  augment  the  motion  of  the 
blood  in  them,  and  therefore  muft  ne- 
cefTarily  increafe  the  inflammation, 

^  The  heat,  rednefs  and  inflamma- 
tion, brought  on  the  fkin  by  blifters  and 
linapifms,  are  not  owing  to  any  increafe 
of  the  heart's  force,  or  of  the  moment 
of  the  blood  in  the  larger  vefTels,  tho' 
this  is  often  an  effect  of  their  applica- 
tion 'y  but  merely  to  the  adlion  of  thofe 
irritating  fubltances  on   the  cutaneous 
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velTels,  whereby  the  motion  of  the 
£uids  in  them  is  greatly  augmented. 

y  The  fudden  rednefs  and  glowing 
warmth  of  the  face,  w^hich,  in  the  fair 
fex  efpecially,  accompanies  a  confciou j- 
nefs  of  fiiame,  and  is  commonly  diilin- 
guilhed  by  the  name  of  bluping^  can 
only  be  fatisfadlorily  accounted  for, 
from  an  increafed  ofcillatory  motion  of 
the  fmall  veflels  of  the  face*\ 

cTThe  extraordinary  flow  of  fpittle 
which  happens  to  hungry  perfons  from 
the  fight  or  even  the  re  ncmbrance  of 
grateful  food,  and  the  profufe  fecretion 
of  urine  which  hyllerical  people  are 
frequently  fubjed  to,  cannot  be  ex- 
plained without  having  recourfe  to  an 
increafed  motion  fuddenly  excited  ifi 
the  fmall  veflels  of  the  falivary  glands 
and  kidneys;  and  clearly  fliew  that  the 
quantity  of  fpittle  and  urine  feparated 
by  thele  organs,  does  not  depend  fo 
much  upon  the  force  with  which  the 
E  blood 

*  See  an  Eflay  on  the  vital  and  other  in- 
voluntjiry  motions,  p.  loi.  and  102. 
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blood  is  determined  into  their  veliels 
by  the  heart,  as  upon  the  greater  or 
leiTer  vibratory  motions  of  the  fecern- 
ing  velTels  themfelves.  And  in  the 
fame  manner,  is  it  not  reafonable  to  be- 
lieve,  that  the  motion  of  the  fluids 
in  the  fmilleil  veilels  every  where 
thif/  the  body,  is  as  much,  perhaps 
more,  owing  to  their  gentle  alternate 
contraclions,  .than  to  the  force  of  the 
heart  and  larger  arteries  ? 

£  The  fecretion  of  tears,  which  is 
-very  little  aifeded  by  the  diifereat 
forces  with  which  the  blood  is  impel- 
led by  the  heart,  is  immediately  increa- 
fed  in  a  very  great  degree  by  acrid  ap- 
plications to  the  eyeSj  or  by  certain 
paffions  of  the  mind. 

In  the  firft  cafe,  the  greater  fecre- 
tion is  owing  to  the  acrid  matter, 
which,  by  its  irritation,  raifes  an  un- 
common vibratory  motion  in  the  la- 
chrymal veilels.  Nor  can  it  be,  with 
reafon,objeaed  here,  that  acrid  things, 
-applied  to  the  eyes  or  received  into  the 

mouth, 
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mouth,  occafion  a  greater,  flow  of  tears 
or  fpittle,  not  by  raifing  any  flronger 
ofcillatory  motion  in  the  vellels  of  the 
lachrymal  and  falivary  glands,  but 
merely  by  conftringing  their  excretory 
duds,  and  fo  fqueezing  out  the  licjuors 
contained  in  them ;  lince  the  quantity 
of  tears  and  fpittle  difcharged  in  fuch 
cafes  fhews,  that  not  only  the  excretion 
but  fecretion  in  thefe  glands  is  greatly 
increafed.  And  if  an  irritation  of  the 
pelvis  of  the  kidney,  or  ureter^  from 
a  ftone  lodged  there,  often  occaiions 
an  uneafy  fenfation  in  the  extremity  of 
the  urethra^',  is  it  not  reafonable  ta 
think,  that,  upon  the  application  of 
llimulating  things  to  the  orifices  of  the 
lachrymal  and  falivary  duds,  thefe  will 
not  be  aifec^ed  alone,  but  the  irritation 
will,  in  fome  degree,  be  communicated 
to  the  fmall  fecerning  velTels  of  their 
refped:iv&  glands,  fo  as  to  excite  in 
them  flronger  and  more  frequently  re- 
E  2  peated 

*  Van  Swieten  Comment,  in  Hoerh.  Aphor. 
vol.  i.  p..  301 .  et  Morton  de  Phthifi,  lib.  ii.  c  5, 
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peated  contractions,  and  confequently 
increafe  their  fecretions  I 

The  ilov/  of  tears  which  accompa- 
nies certain  affeclions  of  the  mind,  is, 
like  the  greater  fecretion  of  fpittle  from 
the  {ight  of  grateful  food,  and  the  heat 
and  rednefs  of  the  face  from  a  confci- 
oufnefs  of  fhame,  owing  to  an  unufual 
vibratory  motion  excited  in  the  la- 
chrymal veiTels  in  confequence  of  thefe 
affedions,  and  not  to  any  compreflion 
which  the  lachrymal  gland  may  fuffer 
from  fome  of  the  neighbouring  mufcles 
which  are  then  brought  into  contra- 
iftion;  for  no  degree  of  alternate  com* 
preflion  applied  to  this  gland  remark- 
ably increafes  the  fecretion  of  tears, 
tmlefs  its  veiTels,  or  thofe  of  the  eye^ 
are  thereby  irritated. 

3.  We  have  already  feen,  that  an 
increafed  ofcillatory  motion  in  the 
fmall  veffels  occaiions  a  quicker  flow  of 
liquors  thro'  them  :  and  the  following 
lliort  hiflory  will  fliew,  that,  when  this 
jiiotion  is  much  diminifhed  or  wholly 

fufpeudcd^ 
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fufpended,  thefe  velTels  collapfe,  and 
the  circulation  in  thsm  either  becomes^ 
very  languid,  or  ceafes  altogether. 

A  boy  betwixt  fonr  and  five  years  of 
age  was,   on  Saturday'^  afternoon,  fud- 
denly  feized  with  an  apoplexy  or  a- 
bolicion  of  fenfe  and  voluntary  motion. 
On  Sundafs  morning,  at  nine  o'  clock, 
when  I  firiLfaw  him,  his  pulfe  was  fulP 
and  quick,  andhis  eyes  had  fomething- 
oi  a  glazed  look ;    but  in  the  evening' 
this   was   more   remarkable.     Monday- 
a  little  before  noon,  he  was  llill  alive, 
but  his  breathing  was  very  laborious 
and  his  pulfe  fmall  and  quick ;    at  this 
time,    his  eyes  were  more  fh.ri\  elled, 
than  they  ufe  to  be  in  tuofe  who  have- 
been  feveral  hours  deid. 
-    Th  I  s  glazed  appearance  of  the  eyes 
could  not  be  owing  to  the  diminution 
of  the  heart's  force,  fince  the  pulfe  was 
full  and  Itrong  for  twenty  four  hours 
after  the  difeafe  came  on  :    nor  can  the 
feikire  of  the  pulfe,  afterwardsj  account. 
E  3  for 
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for  their  fliri veiling  more  than  is  uiivdt 
in  perfons  newly  dead.  But  if  the  cir- 
culatipn  of  tlie  fluids  in  the  fmall  veffels 
be  chiefly  owing  to  a  vibratory  motion 
in  them,  and  if  this  muft  ceafe  when  the 
influence  of  the  nerves  is  intercepted  ; 
in  this  boy,  whofe  brain,  efpecially  its 
anterior  part,  v/as  fo  remarkably  ob- 
flrucled,  the  motion  of  the  fluids  in. 
the  very  fmall  vel^sls  of  the  corjiea  and 
the  fecretion  of  the  aqueous  humoui" 
mull  have  been  greatly  diminiflied,  and 
hence  the  dimnefs  and  lliriveUing  of  the 
eyes. 

The  withering  of  a  member  that  is 
palfied,  or  deprived  of  the  nervous, 
power,  is  to  be  accounted  for  in  the 
fame  manner  ;  and  is  a  proof  that  the 
circulation  of  the  fluids  thro'  t;he  infe- 
rior orders  of  veffels,  is  not  fo  much, 
owing  to  the  force  of  the  heart,  as  to 
the  aclion  of  thefe  veflels  themfelves. 
This  withering  of  a  palfled  member 
has  made  fome  imagine,  that  nutrition 
is  performed  by  the  nerves  :   but  the. 

^     'ph^enommcn^ 
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ph^enomenon^  we  fee,  is  eafily  accounted 
for  without  this  fuppofition ;  and  there 
are  good  reafons  to  think  that  the 
nerves  are  folely  fubfervient  to  motion 
and  fenfation. 

•  4.  Lastly,  altho'  the  alternate' 
contradlions  of  the  fmaller  velTels,  which 
we  have  been  contending  for,  are  not 
remarkable  enough  to  be  difcerned  ia 
nioft  animals ;  yet  they  may  be  clearly 
feen  in  the  legs  of  a  bug :  in  the  fmall 
vefTels  of  which,  an  extraordinary  vi- 
bration is  difcovered  by  the  micro- 
fcope*. 

The  objection  againfl  the  reality  oF 
a  vibratory  motion  in  the  fmall  velTek 
of  animals,  becaufe  the  microfcope 
fhews  no  fueh  thing  in  moft  animals, 
is  of  no  great  weight  j  lince  it  cannot 
be  doubted,  that  the  particles  of  all 
bodies,  efpecially  fluids,  are  affecled  by 
heat  with  a  perpetual  ofcillatory  mo- 
tion ^  and  yet,  unlefs  the  heat  be  great,: 
the  eye,   even  aiTiHed  by  the  beil  mi- 

crofcopesj^ 

*  Saker  on  the  microfcope^  p.  130. 
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crofcopes,   cannot    difcern    any    fucli 
thing. 

Further,  fince  the  microfcope 
only  fhevvs  the  circulation  of  the  fluids 
in  the  red  capillary  arteries,  but  not  in 
the  ferous,  lymphatic,  and  many  in- 
ferior orders  of  velfels,  can  it  be  cx- 
pedled  that  any  alternate  vibratory 
motion  fhould  be  difcovered  in  thefe 
veilels  ?  Or,  is  it  reafonable  to  deny 
an  alternate  motion  to  all  veiiels  or 
particles  of  matter  which  are  too  fmall 
to  fall  under  the  notice  of  our  fenfes  ? 

Alt  ho'  the  branches  of  the  vine 
were  tranfparent,  fo  that  the  motion 
of  the  fap  in  its  velfels  could  be  feen 
by  the  help  of  a  good  microfcope ;  yet 
it  is  very  probable  we  fhould  not  be 
able  to  difcover  any  vibratory  motion 
in  them:  and  yef  the  force  of  the  fap 
in  the  bleeding  feafon  lliews,  that,  be- 
fides  attraction,  there  mull:  be  a  real 
propelling  power  exercifed  by  the  vef- 
fels  of  the  vine  *. 

If 

*  Vid»  Hales's  Statical  EiTays^  vol.  i. 
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If  the  diameter  of  the  aorta  in  its 
diaftole  does  not  exceed  its  diameter 
when  contradled  above  y  of  a  line, 
i^  e,  j'-Q  of  its  diameter  *;  and  if  the 
change  of  diameter,  which  happens  in 
the  red  capillary  arteries  and  inferior 
orders  of  velTels  from  their  vibratory- 
contradions,  be  three  tim.es  lefs  in  pro- 
portion to  the  magnitude  of  thefe  vefTels 
than  the  diiference  of  diameter  in  the 
Gorfay  arifing  from  its  alternate  diaftole 
and  fyftole ;  then  the  difference  be- 
tween the  greatefh  and  leafl  diameter  of 
a  capillary  artery  capable  of  receiving 
only  one  globule  of  red  blood,  when 
moll  dilated  or  contraded,  will  be 
equal  to  t^q  part  of  its  diameter :  /.  e* 
fuppoling  its  diameter  t^-^-^  of  an 
inch,  —  y^^--  of  an  inch  5  and  the 
fpace  defcribed  by  each  fide  of  fuch  an 
artery,  when  it  performs  one  of  its 
fmall  vibratory  contradlions,  will  be 
only  equal  to   ig-W-^TT   of  an  inch,. 

which 

*  Vid.  Weitbrecht  in  Comment.  Academ* 
Petro^olitan.  vol.  vii.  p.  314. 
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which  is  greatly  too  fmall  to  be  dif- 
ccrned  by  the  befl  microlcope. 

Having  thus  endeavoured,  by  a 
variety  of  arguments,  to  fhew,  that  tlie 
fmall  veflels  of  animals  are,  thro'  the 
genth  ft imulus  of  the  fluids,  continual- 
ly agitated  with  alternate  contractions ; 
WG  ihall  now,  briefly,  point  out  their 
ufe  in  carrying  on  the  circulation. 
And  it  mufl:  appear  evident  to  every 
one,  that  the  inferior  orders  of  veJOTels 
will  not  only  not  retard  the  motion  of 
the  fluids,  but  greatly  promote  it;  lince 
every  ringlet  of  them  will,  like  a  little 
heart,  by  its  alternate  contra(R:ions, 
pufii  on  its  contained  fluid.  Nor  ought 
thefe  contradions,  however  weak  and 
imperceptible,  to  be  thought  unable  to 
produce,  this  eflfevft;  fince  the  motion 
of  the  fluids  in  the  very  fmall  veflels  is 
far  from  being  rapid,  and  jufl:  fuch  as 
might  be  expeded  to  aiife  from  this 
caufe.  Dr.  Hales  has  obferved,  that, 
in  a  capillary  red  artery  in  one  of  the 
mufcles  of  the  abdomen  of  a  frog,  the 

blood 
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Mood  moved  only  an  inch  in  a  minute 
and  a  half*;  and  it  is  probable,  that, 
in  the  fined  fecretory  velTels  of  the 
brain,  the  fluids  may  not  move  above 
a  Parifian  line  or  t'z  of  an  inch  in  a 
minute,  i.  e.  not  twice  as  fall  as  the 
minute  hand  of  a  fmall-fized  watch. 

If  it  be  objedled,  that,  as  the  capil- 
lary arteries  and  veins  are  deflitate 
of  valves,  their  alternate  contractions 
muft  pulli  the  fluids  equally  back  to- 
wards the  heart,  as  onwards  to  the 
larger  veins :  it  may  be  fufficient  to 
anfwer,  that,  the  refiilance  arifing  from 
the  femilunar  valves  of  the  aorta^  and 
from  the  force  of  the  heart  and  larger 
arteries  a  tergo^  being  greater  than 
that  which  oppofes  the  tranfmiflion  of 
the  fluids  into  the  larger  veins  5  the 
fluids  aded  upon  by  the  fmall  vibrating 
velTels,  mufl  neceifarily  be  determined 
tov/ards  the  latter.  But  further,  why 
may  not  the  alternate  contravilions  of 
the  fmall  veiTeis,  like    the   periitaltic 

motion 

*  Statical  EiTays,  vol.  ii.  p.  68. 
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motion  of  the  guts,  proceed  in  fuch 
manner,  as  to  impell  their  fluids  more 
remarkably  onwards  to  the  veins  than 
backwards  to  the  larger  arteries  \ 

Upon  the  whole,  as  we  conceive 
the  motion  of  the  blood  in  the  larger 
velTels,  and  even  capillaries  of  the  iirfl 
order,  to  be  owing  to  the  alternate 
fyjiole  of  the  heart  and  arteries ;  fo  in 
the  ferous,  lymphatic,  and  Hill  fmaller 
veflels,  where  this  force  either  reaches 
not  at  all,  or  is  greatly  diminifhed,  the 
circulation  feems  to  be  carried  on, 
chiefly  by  the  vibratory  motions  of 
thefe  vejGTels  themfelves  :  and,  the  finer 
fluids  being,  in  this  manner,  tranfmitted 
into  the  larger  veins,  the  pulfation  of 
neighbouring  arteries,  adion  of  volun- 
tary mufcles,  and  alternate  compreflion 
made  upon  all  the  contents  of  the  ab- 
domen and  thorax  by  the  motion  of 
refpiration,  will  promote  their  return 
to  the  heart  along  with  the  red  blood 
in  the  vsnae  cavae^ 

What 
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What  we  have  faid  of  the  circu- 
lation of  the  fluids  in  general,  we 
would  have  underlfood  alfo  of  their 
motion  in  the  fecretory  pipes  of  the 
feveral  glands.  In  thofe  glands  whofe 
velfels  are  moft  patulous,  the  fecretion 
may  be  partly,  and  indeed  in  a  good 
meafure,  carried  on  by  the  force  of  the 
heart  and  larger  arteries ;  a  proof  of 
which  feems  to  be  the  bloody  urine 
pafled  by  fuch  as  have  weak  kidneys, 
after  violent  exercife:  but  in  other 
glands,  whofe  flrudure  is  finer,  and 
particularly  in  the  brain,  the  motion  of 
the  fluids  in  the  fecretory  and  excre- 
tory ve{r:ils  feems  to  be  much  lefs 
owing  to  the  force  of  the  arterial  blood 
a  tergo\  than  to  the  gentle  vibratory 
contradions  of  the  vefTels  themfclves. 

With  regard  to  the  nerves,  which 
are  generally  confidered  as  the  excre- 
tory duds  of  the  brain  5  it  is  probable, 
that  the  derivation  of  their  fluid  to  the 
various  parts  of  the  body  is  not  only 
owing  to  a  gentle  ofcillatory  motion 
F  in 
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in  them  and  their  furrounding  mem- 
branes, but  alfo,  in  fome  degree,  to 
their  attraction  as  capillary  tubes  ;  for 
no  fooner  can  there  be  a  wafle  of  this 
fluid  at  the  extremity  of  any  nerve, 
whether  this  happens  from  exhalation, 
alternate  comprefiion  of  the  neighbour- 
ing parts^  or  any  other  caufe,  than,  by 
its  attraclive  power,  it  will  be  filled 
again.  In  the  other  glands,  however, 
whofe  excretory  duds,  by  their  union, 
foon  form  pretty  large  canals,  no  fuch 
attradion  will  have  place. 

I.  From  what  has  been  faid,  it  may 
appear,  that  we  are  not  to  confider  the 
force  of  the  heart  and  contradion  of 
the  larger  arteries,  as  the  fole  caufes  of 
the  circulation  of  the  fluids  in  animals. 
The  whole  vafcular  fyflem  is  endowed 
with  a  movnig  power,  which  is  con- 
flantly  excited  into  action  by  the  fti- 
mulus  of  the  circulating  fluids  j  fo  that 
while  the  fmall  veiTels,  by  means  of 
fridion,  deilroy  in  part  the  moment  of 
the  juices,   they,   at   the  fame  time, 

^  communicate, 
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communicate,  by  their  gentle  vibra- 
tory contradionsj  a  new  impulfe  to 
them.  Every  part  therefore  of  the  vaf- 
cular  fyilem,  as  well  as  the  heart-  and 
larger  arteries,  nay  every  ringlet  even' 
of  the  fmalkil  velfel,  is  to  be  conceived 
as  promoting  the  circulation  of  the 
fluids  5  that  great  work,  upon  which  the 
life  of  the  whole  depends,  and,  in  car- 
rying on  which,  every  part  almoit  of 
the  body  is  aclive. 

2.  If  the  motion  of  the  fluids  in  the 
inferior  orders  of  velTels  be  not  fo  much 
owing  to .  the  force  of  the.  heart  and 
larger  arteries,  as  to  the  gentle  alter- 
nate contractions  of  thofe  veffels  theni- 
felves,  we  may  eafily  fee,  why  frictions, 
warm,  penetrating,  and  iliraulating  fo- 
mentations, and  cataplafms,  &c.  are 
often  more  fuccefsfiil,  than  internal 
medicines,  in  removing  obftriicfions  inr 
the  ferous,  lymphatic,  and  other  fmall 
veiTels ;  fince  they  not  only  contribute 
to  attenuate  the  obftruding  matter, 
F2  but 
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but  greatly  increafe  the  ofcillatory 
motion  of  thefe  velTels.  For  the  fame 
reafon  it  is,  that  the  warm  mineral 
waters,  pump'd  with  conliderable  force, 
upon  a  part  affeded  with  the  rheuma- 
tilm  or  fciatica^  have  effeded  a  cure 
after  other  remedies  had  been  ufed  ia 
vain. 

Warm  fpirit  of  wine,  either  alone 
or  mixed  witli  other  things,  proves 
often  a  good  deobftruent :  yet  I  have 
known  fome  people  who  were  afraid  ta 
ufe  it  with  this  intention,  becaufe  it  is 
known  to  coagulate  the  [erum  of  the 
blood  :  but  their  fears  were  without 
foundation ;  for  the  quantity  of  fpirit  of 
wine,  which  enters  by  the  pores  of  the 
ildn,  is  fo  fmall  as  to  be  in  no  danger 
of  producing  any  coaguhm)  befides, 
as  it  is  taken  in  by  the  abforbent  veins, 
it  mull  go  to  the  heart  and  be  mixed 
with  the  mafs  of  blood,  before  it  caa 
come  at  the  obflruc^ed  velTels.  But, 
altho'  little  is  to  be  expeded  from  the 

refolving. 
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refolving,  and  nothing  is  to  be  dreaded 
from  the  coagulating  power  of  the  fpi- 
rit  of  wine,  yet  it  proves,  in  many- 
cafes,  a  good  deobftruent,  by  raifmg  an 
uncommon  vibratory  motion  and  heat 
in  the  vefTels  of  the  part  to  which  it  is 
appHed. 

3.  If  the  circulation  in  the  fmall 
veflels  be,  in  a  great  meafure,  owing  to 
their  ofcillatory  motion  excited  by  the 
ftmulus  of  the  circulating  iiuids,  it  will 
follow  that,  when  thefe  veillls,  in  any 
part  of  the  body,  are  affeded  with  an 
extraordinary  irritation,  they  muft  ne- 
ceiTarily  be  agitated  with  much  ftrong- 
er  and  more  frequently  repeated  con- 
tractions than  ufual:  wiience  the  force 
of  the  blood  in  them  will  be  greatly  in- 
creafed;  in  confequence  of  which  the 
part  will  be  inilated,  and  globules  of 
red  blood  will  be  forced  into  the  ferous 
vefTels,  /.  e,  an  inflammation  will  be 
produced ;  and  this  mull  happen,  whe- 
ther the  force  of  the  blood  be,  cr  be 
not,  increafedin  ihz  other  velTels  of  the 
F  3  body* 
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body.  An  inflammation,  therefore,  is 
not  owing  to  an  increafed  force  of  the 
heart  and  larger  arteries  confequent  up- 
on an  obflruclion,  as  fome  authors  of 
great  name  have  imagined;  but  to  an 
increafed  ofcillatory  motion  in  the. 
fmall  veiTels,  whether  this  arifes  from 
fome  obilruding  matter  diflracling 
their  fibres,  or  acrid  matter  irritating 
them.  An  obllirudiori  v/ithout  an  ir- 
ritation in  the  oblirud:ed  part,  never 
occaiions  an  inflammation ;  but  the  ir- 
ritation of  any  fenfible  part  with  a  fharp 
inftrument,  or  acrid  matter,  never  fails 
to  produce  this  eifed,  altho'  there  be 
no  precceding  obftruction,  nor  increafe 
of  the  heart's  force.  When  a  large, 
artery  is  tied  in  the  operation  of  the  a- 
neurifm,  we  don't  find,  that  the  increa- 
fed moment  of  the  blood  in  the  neigh- 
bouring arteries,  produces  an  inflam- 
mation in  the  arm  ;  but,  when  a  ten- 
don is  wounded  in  blood-letting,  or  a 
little  acrid  matter  is  colleded  below 
the  nail,   a  remarkable  pain,  fwelling 

and 
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and  inflammation  of  this  member  fol- 
low.    However,     altlio'    an   increafed 
force  of  the  blood  in  the  large  veffels  is 
not  the  caufe  of  an  inflammation,  yet  it 
is  frequently  the  confequence  of  it ;  for^ 
as  often  as  the  inflanmiation  is  large,  or 
the   part   inflamed  very  fenlible,    the- 
whole  nervous  fyfliem  will  be  fo  aiFe- 
cted  by  the  pain,  as  to  render  the  heart 
and  larger  arteries  more  irritable,  at  the 
fame  time  that  the  blood,  now  vitiated 
by  the  obftrudion  and  inflammation^ 
muft  ad  upon  them  as  2.^xoVi<gtx ftimu- 
lus   than  ufuaL      Hence  we  may  fee, 
why,  in  inflammations,  the  pulfe  is  of- 
ten little   changed  till  the  difeafe  has 
continued  for  fome  confiderable  time. 
In  inflammations  of  the  flomach,  guts^ 
and  uterus^  the  pulfe,  tho'  much  quick- 
ned,  often  continues  fmall ;  becaufe,  on 
account  of  the  particular  fympathy  be- 
tween their  nerves  and   thofe  of  the 
heart,  this  mufcle  is  rendered  fo  irrita- 
ble, as  to  contrad  before  its  ventricles 

are 
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are  filled  with  the   returning  venous 
blood. 

From  what  has  been  faid  it  may 
appear,  that,  in  the  cure  of  iniiamma- 
tions,  befides  diminifliing  the  force  of 
the  circulation  in  general  by  blood-let- 
ting, a  particular  regard  is  to  be  had  to 
t-he  veflels  of  the  part  aiFedled,  whofe 
extraordinary  contradlion  fliould  be  lef- 
fened  by  proper  emollient  and  anodyne- 
applications,  and,  in  many  cafes,  by 
bliflering  the  neighbouring  parts.  My 
ingenious  friend  Dr.  Pringle  has  often 
obferved  the  good  elFecls  of  bliflers,  e- 
ven  when  early  applied,  in  pleurifies 
and  other  internal  inflammations  *. 
And  I  have  ktn  a  blifter,  in  twelve  or 
fourteen  hours,  lelTen,  remarkably,  the 
frequency  of  the  pulfe  in  an  angina^  af- 
ter blooding  once  and  again  had  done 
little  this  v/ay.  I  know  many  phyfi- 
cians  have  entertained  prejudices  a- 
gainft  bliftering  in  inflammations,  be- 

caufe, 

*  See  his  obfervations  on  the  difeafes  of  the 
army,  i  Edit.  p.  173,  178,  arid  179. 
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caufe,  by  their  irritation,  they  increafe 
the  force  of  the  circulation  in  general : 
but,  not  to  jiiention  the  good  eHecls 
they  may  have  by  attenuating  the  ob- 
llruding  matter,  and  making  a  confi- 
derable  derivation  of  ferous  humours 
from  velTels  which  are  nearly  conned- 
ed  with  thofe  of  the  part  aifecled;  if 
the  account  we  have  given  of  inflam- 
mations be  true,  it  mufi:  follow,  that^. 
altho'  the  material  caufe  of  an  inflam- 
mation, /.  e.  the  acrid  or  obflrudling 
matter,  be  not  immediately  removed 
by  bhflering^  yet,  if,  according  to  Hip- 
pocrates'?, obfervation  *,  the  painful  fen- 
fation  in  the  inflamed  veiTels  be  leflen- 
ed  by  its  means,  the  extraordinary  ofcil- 
latory  motions  of  thefe  veffels,  and  con- 
fequently  the  caufe  continuing  and  in- 
crealing  the  inflammation,  mufl  be  alfo 
leiTened.     Hence  it  appears,  that  a  bli- 

Iter, 

*    Avo  7C0VUV   a^«  yivof/.ivav,    /xrt  x«Ta  r  uvtov  to- 
wov,  0  (TcpoSpOTipcog  UfjLa.vpQi  T  sTipov.      Duobus   doIo-= 

ribus  iimul  obortis,   non  in  eodem  loco,  vehe- 
mentior  obfcurat  alterum.  Aphor.  lib,  2.  No.  46. 
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fter,  tho'  it  tends  to  increafe  the  force" 
of  the  circulation  in  general,  may- 
yet  leffen  the  impetus  of  the  blood  upon 
the  veiTels  of  an  inflamed  part  more 
remarkably,  than  even  blood-letting 
itfelf. 

What  has  been  faid  of  bliftering, 
may  be  applied  alfo  to  cupping  and 
fcarifying  in  pleurilies,  angina's^  &c* 

Sinapisms,  laid  to  the  foles  of  the 
feet,  remove  or  leffen  ravings,  not  by 
determining  the  blood  more  copiouily 
to  the  inferior  extremities,  for  their 
effed  in  this  refpedl  is  altogether  tri- 
fling ;  but  by  railing  a  very  confidei*a- 
ble  pain,  which  fo  affedls  the  mind  as  to 
render  it  lefs  feniible  of  the  unufualy?/- 
7nuluSj  or  irritation  in  the  brain,  or  its 
membranes,  /,  e.  of  the  caufe  producing 
and  continuing  the  delirium.  Nor  is  it 
material  to  v^hat  part  of  the  body  thofe 
cataplafms  are  applied  5  for  a  ftrong  de- 
lirium^ in  a  fever,  has  been  removed  by 
the  application  of  a  finapifm,   by  mif- 

take, 
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take,  inflead  of  a  poultice  of  theriac,  to 
the  region  of  the  flomach. 

We  may  alfo,  from  what  has  been 
faid,  fee  how  ravings,  phrenfies,  and 
madnefs  have  been  cured  by  the  power 
of  muiic*,  or  by  a  fudden  fright  t; 
for  thefe,  by  greatly  aifediing  the  mind 
and  fixing  its  attention,  not  only  ren^ 
der  it.lefs  fenfible  of  the  difordered  flate 
of  the  brain  and  its  membranes,  but,  by 
the  ftrong  impreflion  they  make  on  the 
fenforium  commune^  may  tend  to  diilodge 
or  remove  the  caufe  of  the  difeafe. 


SECT.     IIL 

Of  the  motion  of  the  fluids  in  thofe  vejfels 
of  animals  commonly  called  ahforbent, 

Bes I D ES  the  fmall  veins,  which  are 
continued  velTels  with  the  arteries,  and 

terminate 

*  Hiftoire  de  I'acad,  des  fciences,  1708  & 

t  Van  Swieten  comment.  inEoerhaave,  aph, 
§11. 
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terminate  at  lall  in  the  two-ven^  cava^ 
there  are  others  which  take  their  rife 
from  the  internal  furfaces  of  the  feveral 
cavities  in  the  body  and  from  the  flcin  : 
and,  as  the  fluids  which  thefe  veffels 
convey,  cannot  be  impelled  into  them 
by  the  force  of  the  heart  or  arteries, 
they  have  been  thought  to  receive  them 
by  fuclion,  and  therefore  have  got  the 
name  of  abforbent  or  imbibing  veins. 
In  the  guts  we  find  two  kinds  of  them, 
VIZ*  the  ladeal  veins,  and  thofe  com- 
monly called  abforbent ;  which  lafl  are 
alfo  to  be  found  upon  the  furface  of  the 
fkin,  peritonceumy  pericardium^  pleura^ 
veiicles.  of  the  lungs,  dura  et  pia  mater ^ 
and,  in  fhort,  of  every  membrane  which 
lines  any  cavity  of  the  body.  In  ac- 
counting for  the  motion  of  the  fluids 
in  thefe  veiTels,  we  fliall  begin  with  the 
ladleals ;  in  order  to  which  it  may  be 
neceflary  to  premife, 

I.  That  the  ladeal  veins  have 
their  origin  in  the  villous  coat  of  the 
guts,   where  their  orifices  are  fo  fmall 

as 
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as  to  efcape  the  eyesof  anatomifts :  lea- 
*  ving  the  poiterior  farface  of  the  villous, 
they  pafs  through  the  nervous  and 
mufcular  coats,  and,  unitmg  mto  larger 
canals,  are  diflributed  in  the  form  of  a 
net- work  in  the  external  cellular  mem- 
brane of  the  guts :  after  this,  they  enter 
the  mefentery,  and  get  valves,  which 
hinder  the  return  of  any  thing  to  the 
inteflines. 

2.  As  often  as  the  mufcular  coat  of 
the  guts  is  contracted,  the  iatfleal  veins, 
which  pafs  between  the  interlaces  of 
its  fibres,  and  are  diflributed  in  the 
nervous  and  external  cellular  mem- 
branes, mufl  necelTarily  be  compreiTed; 
but  are  relaxed  and  freed  from  this 
prelTure,  when  this  coat  ceafes  to  con- 
trad. 

3.  Many  and  repeated  experi- 
ments have  fliev/n,  that  fmall  glafs 
tubes  are  endowed  with  a  power,  by 
which  they  attradl  fluids,  fo  as  to  raife 
them  confiderably  above  the  liquors  in 
which  they  are  immerfed — That  this 

G  power 
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power  increafes  exadlly  in  the  inverfe 
ratio  of  their    diameters — That    thefc 
tubes,  whether  llraight  or  crooked,  in  a 
perpendicular  or  oblique  pofition,  in  va- 
cuo or  the  open  air,  attrad;  fluids  to  the 
fame  height,   provided  their  diameters 
be  equal— That,  when  a  capillary  glafs 
tube  ends  in  a  larger  canal,  the  fluid  is  ele- 
vated fo  as  to  fill  the  capillary,  but  does 
not  afcend  any  further— That,  if  the 
diameter  of  a  glafs  tube  exceeds  to  of 
an   inch,    its  power   of  attraction   is 
fcarcely  perceivable;    and  laflly,   that 
the  fame  glafs  tubes  attradl  different 
fluids  to  different  heights,  and  this  nei- 
ther in  proportion  to  their  tenacity  nor 
gravity.       From  all  which  it  is  natu- 
ral to  conclude,   that  the  ladeal  veins, 
v/hich,   in  their  beginning  at  leafl,   are 
fmalier  than  any-  glafs  tubes  made  by 
human  art,  muit  be  endowed  with  a  re- 
markable power  of  attrading  the  chyle, 
when  applied  to  their  orifices. 

How  far  the  actra^^live   power  in 
fuch  canals,  as  the  lacleals  and  other  ab- 

.   forbent 
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forbent  veins,  is,  ceteris  par  thus  ^  great- 
er or  lefs  than  in  glafs  tubes,  we  have 
no  experiments  to  determine  :  but,  as 
the  urine,  an  animal  liquor,  is  more 
llrongly  attraded  by  glafs  capillaries^ 
than  water  or  any  other  fluid  *  j  it  is  not 
iinreafonable  to  fuppofe  that  animal  ca- 
pillaries may  be  endowed  with  a  flill 
flronger  power  of  attraciing  it.  And,  as 
the  fame  fluid  is  differently  attracted  by 
capillary  glafs  tubes  of  different  natures, 
tho'  of  the  fame  diameter  f ;  is  it  not 
probable,  that  the  feveral  abforbent 
veins  in  animals  may  be  peculiarly  fit- 
ted to  attrad  their  proper  liquors  niofl 
ftrongly  ? 

Further,  the  remarkable  attra- 
clive  power  with  v/hich  the  fmall  vef- 
fels  of  vegetables  are  endowed,  and  by 
means  of  which  they  draw  out  of  the 
fame  molfh  earth  very  dilTercnt  juices,, 
is  a  ftrong  argument  for  allowing  a  ii- 
G  2  milar 

*  MufcKenbroeck  de  tub.  capilL  vitr.  cap.  3.- 
f  Mufchenbroeck.  Element,  .philof.  natiiraL. 
cap.  xviii.  §531. 
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milar  attra(5lion  in  the  vefTels  of  ani- 
mals. It  is  by  this  power  that  the  fap 
continues  to  rife  in  the  veflels  of  trees, 
even  in  the  cold  feafon  of  winter,  tho'' 
flowly  and  in  fmall  quantity  :,  nor  can- 
it  be  pretended,  that  the  fan's  heat  pro- 
motes the  afcent  of  the  fap  here,  as  it 
does  in  luramer ;  fmce  trees  in  cold 
cloudy  weather,  provided  it  be  dry, 
and  in  places  which  the  winter  fun- 
beams  cannot  reach,  take  up  continu* 
ally,  by  their  roots,  as  much  moilture 
as  is  necelTary  to  fupply  the  wade  by 
perfpiration  in  their  trunks  and  bran- 
ches. But  further,  Dr.  Hales  has  ob- 
ferved,^  that  cut  branches  will  imbibe 
from  the  fmall  end  immerfed  in  water 
to  the  great  end,  as  well  as  from  the 
great  end  immerfed  in  water  to  the 
fmall  end  * ;  whence  it  clearly  follows, 
that  the  afcent  of  the  fap  in  the  veflels 
©f  plants,  is  not  owing  to  any  peculiar 
ftruclure  in  ihem,  but  folely  to  capilla- 
ry attradion. 

*  Stajical  EfTays,  vol.  i.. 
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^Tis   true  indeed  that  capillary  at- 
tradioiij  tho'  it  muft  make  the  fap  rife 
in  plants,  will  not,  without  the  affiil- 
ance  of  fome  other  caufe,  make  a  con- 
tinued derivation  of  it  from  their  roots 
to  their  branches  and  leaves  3  becaufe  as 
foon  as  capillary  tubes  are  filled,  or  have 
raifed  fluids  to  a  certain  height,  all  mo- 
tion from  attradlion  ceafes :  but  as  the 
adion    of  the  air  and  fun- beams  upon 
the  trunks,  branches  and  leaves  of  trees^ 
occafions  a  Urong  perfpiration  of  the 
fap  by  their  pores ;  a  proportional  quan- 
tity will   be   attraded  from  the  earth- 
by  their  roots,  to  fupply  this  walle  and 
keep   the   capillary  velTels  always  fulL 
However,  as  often  as  the  abfence  of  the 
fun  and  the  cool  moifl  flate  of  the  air 
put  a  flop  to  the  perfpiration  of  vege- 
tables, the  fap  ceafes  to  afcend  f  nay,  if 
the  earth   be  warm  and  dry,  it  gets  a 
retrograde  motion  :    and   hence  it   is 
that,  in  a  cool  fummer's  evening  when 
the  dew   begins  to   fall,  vegetables  at- 
trad  the  watery  particles  in  ihe  air  by 
G  3  the 


78       PHYSIOLOGICAL 

the  pores  of  tlieir  leaves  and  branches, 
in  Hke  manner  as  they  had  done  the 
moilture  of  the  earth  by  their  roots, 
in  the  day  time*. 

These  things  being  premifcd,  it 
will  be  eafy  to  account  for  the  imbibiti- 
on of  the  chyle  by  the  lacteal  veins. 

♦When  any  portion  of  the  inteflines 
is  relaxed,  the  ladteal  verfcls,  whofe  open 
mouths  are  every  where  to  be  found  on 
the  furface  of  the  villous'  coat,  take  in 
the  chyle  by  their  attractive  power, 
fo  as  to  fill  their  branches  which  are 
difperfed  in  the  nervous  and  external 
cellular  membranes  of  the  gut.  The 
chyle  being  thus  received  into  the  ca- 
pillary ladeals,  is  by  the  fucceeding 
contradlion  of  the  muf^cular  coat  of  the 
inteiline,  which  compreiTes  them, 
puilied  on  towards  the  mefentery.  As 
foon  as  this  contrad;ion  ceafes,  the  em- 
ptied ladeals,  being  free  from  compref- 
fion,  fill  themfelves  with  chyle  as  be- 
fore, which  the  fucceeding  confrridion 

of 

*  Vitl.  Hales\  Statical  EfTays  vol.  i. 
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of  the  gut  prefles  forward  to  the  larger 
ladeals  in  the  mefentery.  And  thus 
we  fee  the  chyle  is  by  turns  attraded 
and  propelled  by  the  capillary  power 
of  the  ladteals  and  periilaltie  motion  of 
the  inteflines. 

Further,  it  is  probable  that  the 
ladeal  veins  are,  like  the  other  fmall 
vefFels  of  animals,  agitated  with  a  vi- 
bratory motion,  excited- in  them  by  the 
gentle  irritation  of  the  chyle,  which 
mnft  aiTiii:  the  alternate  contradlions  of 
the  inteltines  in  the  propullion  of  this 
fluid.  Without  allowing  fuch  a  vibra- 
tory motion  in  the  um.bilical  veins  of 
the  chick,  it  will  be  no  eafy  matter  to 
account  for  its  growth  during  the  time 
of  incubation.  'Tis  true,  the  umbili- 
cal arteries  and  veins  run  clofe  together 
in  oviparous  as  well  as  viviparous  ani- 
mals, fo  that  the  alternate  pulfationsof 
the  former  muft  contribute  to  the  pra- 
pulfion  of  the  fluids  in  the  latter  to- 
wards the  heart.  But,  as  there  is  no 
pulfation  to  be  obferved  in  the  heart 

or 
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or  umbilical  arteries  of  the  chick,  till 
towards  the  end  of  the  fecond  day  *; 
and  as,  at  any  rate,  this  does  not  ex- 
tend beyond  the  red  capillaries;  the 
fluids  in  the -extreme  branches  of  the 
umbilical  vein,  mufl  owe  their  motion 
to  fome  other  caufe.  And  is  it  not  rea- 
fonable  to  think,  that  the  colliquated 
white  is  conveyed  thro'  thefe  velTels 
by  their  attraclive  power,  as  capillary 
tubes,  aflifled  by  the  fmall  alternate 
contraclions  excited  in  them  by  the 
gQXitlo Jiimulus  of  this  warm  fluid  ?  And 
in  this  opinion  we  are  confirmed  by  the 
analogy  of  plants;  in  whofe  velTels  the 
circulation  of  the  fap  is  greatly  aflifled 
by  a  vibratory  motion,  which  feems  to 
be  excited  in  them  chiefly  by  the  fun's 
heat.  And  is  not  the  remarkable  force 
of  the  fap  in  the  bleeding  vine,  owing 
to  its  vefTels  being  fufceptible  of  much 
flronger  vibrations  than  thofe  of  moil 
other  plants  ?+. 

The 

*  Malplgh.  de  ovo  incubato. 
f  Dr.  Hales  has  obfervedthat,  in  a  ftemof  a 

vine 
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The  chyle  in  the  larger  ladleal  veins 
which  run  along  the  mefentery  and  are 
provided  with  valves,  is  puflied  on  to 
Pecquet' s  receptacle  by  the  force  of  the 
new  chyle  continually  tranfmitted  to 
them  from  the  guts,  by  the  pulfation  of 
the  fanguiferous  arteries  which  run 
contiguous  with  them,  and  by  the  al- 
ternate motion  of  the  diaphragm  and 
abdominal  mufcles  in  refpiration. 

If  the  chyle  is  received  into  the  naf» 
cent  ladleal  veins  of  the  guts  by  their 
attradlion  as  capillary  tubes,  it  will  be 
eafy  to  fee  why  quick-filver,  which  is 
repelled   by  fuch  tubes,   fhould,  when 
fwallowed  by  itfelf,  generally  pafs  thro^ 
the  inteflines  without,  almoft,  any  of 
it  getting  into  the  blood.     On  the  o- 
ther  hand,  if  the  propuliion  of  the  chyle 
is  owing  to   the  alternate  contractions 
of  the  guts,  it  may  eafily  appear,  why- 
it 
vine  I  of  an  inch  diameter,  the  force  of  the  fap 
in  the  bleeding  feafon  was  five  times    greater 
than  the  force  of  the  blood  in  the  crural  artery 
of  ahorfe*    Statical  EiTays  vol.  i.  exp.  36,. 
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it  ceafes  to  be  tranfniitted  thro'  them 
foGii  after  death  ;  and  why,  in  a  well- 
fed  animal  newly  killed,  the  lacleals  in 
the  mclcntery,  after  being  emptied, 
may  be  filled  again,  by  gently  preffing 
the  intellines  and  imitating  their  peri- 
flaltic  motion. 

With  refped  to  the  abforbent 
veins  of  the  guts ;  the  finer  parts  of 
the  digeiled  aliment  .received  into 
them  by  their  attraction,  are  propelled 
towards  the  larger  meferaic  veins  and 
vena  portarum^  by  the  alternate  con- 
tradions  of  the  mufcalar  coat  of  the 
inteflines  and  preiTure  of  the  abdomi- 
nal mufcles  and  diaphragm  in  refpira- 
tion.  But,  as  thefe  abforbents  are  not 
provided  with  valves,  like  the  ladeals, 
it  may  be  afked,  Why  the  lail-men* 
tioned  power  does  not  prefs  the  ab- 
forbed  fluids  equally  backward  to  the 
guts,  as  forward  to  the  vena  fortanim. 
This  we  imagine  is  prevented 

I  ft,  By  the  gentle  alternate  contra- 
dion?  of  the  abforbent  veins,  which, 

as 
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as  they  are  owing  to  the  filmulus  of 
the  imbibed  liquor,  muft  begin  at  their 
orifices    and    proceed    towards    their 
larger  trunks.     Such  a  motion  as  this, 
tho'  gentle,  will  determine  the  courfe 
of  the  fluids  on  to  the  larger  veins,  but 
oppofe  their  return  to  the  guts.   And  we 
find  in  fad,  that,  by  means  of  a  fimilar 
motion  in  the  inteflines,  the  ufelefs  part 
of  the  aliment  is  conveyed  to  the  great 
guts,  even  in  a  horrizontal  pofition  of 
the  body,  where  the  alternate  prefTure 
of  the  diaphragm  and  abdominal  muf- 
cles  ought  to  pufh  the  contents  of  the 
guts  as  much  backwards  to  the  flomach 
as  forward  to  the  colon.     But, 

2.  When  any  portion  of  the  in- 
teflines is  contraded,  the  nafcent  ab- 
forbent  veins,  which  rife  from  the  vil- 
lous coat  and  pafs  thro'  between  the 
other  membranes  of  this  part,  muft 
have  their  fides  prefled  together,  fo  as 
to  allow  nothing  to  pafs  thro'  them; 
wherefore  the  prefHng  force  of  the 
mufcles  of  refpiration  mufl,  if  ading 

at 
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at  this  time  upon  the  larger  trunks  of 
the  abforbent  veins,  propell  their  fluids 
towards  the  "uena  port  arum.  When 
this  portion  of  the  inteftine  is  relaxed, 
the  emptied  abforbents  will,  by  their 
attraiflion,  greedily  fill  themfelves  with 
new  fluids  from  its  cavity  :  fo  that, 
whether  the  guts  are  contraded  or  re- 
laxed, there  will  be  always  fome  ob- 
ftacle  to  the  retrograde  motion  of  a 
fluid  in  the  abforbent  veins. 

Wh  e  n  the  liquors  taken  up  by  the 
capillary  abforbents  are  conveyed  into 
the  larger  meferaic  veins,  they  will 
be  carried  along  with  their  blood  to 
the  vena  ponarum. 

As  there  are,  upon  the  internal  fur- 
faces  of  all  the  cavities  of  the  body, 
exhaling  arteries  which  perpetually 
throw  out  a  fine  fluid  to  moiflen  and 
lubricate  the  parts ;  fo  there  are  bibu- 
lous veins  which  take  it  up :  whofe 
exillence  is  proved,  not  only  by  no 
liq^uors  being,  in  health,   colkdcd  in 

chefe 
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thefe  cavities,  but  alfo  by  anatomical 
injedions  *. 

These  abforbent  veins,  wiiich,  like 
thofe  of  the  guts,  have  no  valves,  take 
up,  by  their  attraction  as  capillary  tubes, 
the  rorid  vapour  of  the  arteries  ;  after 
which,  it  is  conveyed  on  to  the  fangui- 
ferous  veins  in  v^hich  they  terminate, 
by  their  vibrating  motion,  the  pulfa- 
tion  of  neighbouring  arteries,  and  the 
compreffion  of  mufcles.  The  abfor- 
ption  in  the  cavities  of  tlie  abdomen 
and  thorax  is  greatly  promoted  by  the 
alternate  preiTure  of  the  mnfcles  con- 
cerned in  refpiration ;  while  the  muf- 
cles  of  voluntary  motion  employed  in 
all  kinds  of  exercife  and  labour,  by  ac- 
celerating the  motion  of  the  fluids  in 
the  abforbent  veiTels  of  the  trunk  and 
extremities  of  the  body,  enable  them 
to  imbibe  more  copioufly.  And  hence 
we  may  fee,  why  animals  which  move 
little,  are  generally  opprefTed  with  fat ; 
while  thofe  which  are  kept  at  hard 
H  labour, 

*  See  Kauu  peripiratio  Hippocrati  dida. 
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labour,  are  very  lean.  In  the  former, 
the  ablbrbent  veins  of  the  fatty  cells 
imbibe  the  oily  matter  depofited  there 
very  flowly,  becaufe  they  want  the  al- 
ternate preiTure  of  the  mufcles  of  vo- 
Imitary  m.otion  to  puili  their  contained 
fluid  forward  to  the  larger  veins :  In 
the  latter,  the  abforption  from  thofe 
cells  is  not  only  increafed  by  the  va- 
rious and  continually  repeated  prefTures 
of  the  acting  mufcles,  but,  the  body 
being,  by  much  exercife,  in  fome  mea- 
fure  exhaulled  of  fluids,  the  veins  im- 
bibe more  greedily,  while  the  fecerning 
arteries  pour  forth  their  oily  liquor 
more  fparingly. 

If  the  exhalant  velTels  of  any  cavity 
throw  out  too  much,  or  if  the  abforb- 
ent  power  of  the  veins  be  weakened, 
or  if  both  thefe  happen  together,  a 
watery  fluid  will  be  collected  in  it ;  and 
in  this  way,  are  produced  an  afdtes^  hy^ 
drocele^   hydrops  pe£loris^   &c. 

When  the  blood  is  thin  and  watery 
and  the  veflels  weak,  anafarcous,  oede- 

matous 
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matous  and  other  dropiical  fwellings 
are  common :  for,  as  the  bibulous 
veins  can,  by  their  attraction,  only- 
take  up  fluids  in  proportion  to  the  de- 
pletion they  fuifer  by  means  of  their 
own  vibratory  contradions,  and  the 
alternate  compreffion  of  neighbouring 
arteries  and  mufcles ;  their  abforbing 
power  mufl  neceiTarily  be  leiTened  in  a 
lax  flate  of  the  fibres,  where  thofe 
caufes  are  much  weakened. 

Further,  while  the  redundance  of 
a  watery  fluid  in  the  blood  increafes 
the  exhalation  by  the  fmall  arteries,  it 
leiTens  the  imbibition  by  the  veins,  for 
the  fame  reafon  that  afhes,  fugar,  or 
falts,  v/hen  moiflened,  attract  the  wa- 
tery particles  of  the  air  lefs  fcrongly 
than  when  they  are  dry. 

Again,  altho'  there  be  little  or  no 
fault  in  the  blood  itfelf,  yet,  if  its  re^ 
turn  from  any  part  to  the  heart  be 
much  retarded,  a  dropfy  of  that  part 
will  foon  follow;  becaufe  the  fluids 
taken  up  by  the  abforbents,  will  be 
H  2  ilovvly 
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flowly  and  not  without  difficulty  re- 
ceived into  the  larger  fanguiferous 
veins  ;  and,  as  we  have  juil  now  ob- 
ferved,  their  abforption  muil  be  in  pro- 
portion to  their  depletion.  Hence  we 
fee,  why  fchirrous  tumors,  ligatures, 
and  whatever  comprelTes  the  veins,  foon 
bring  on  dropfical  fwellings. 

It  alio  appears  from  what  has  been 
faid,  in  what  manner  diuretics  and 
purgatives  carry  oifthe  ftagnating  v/a- 
ters  in  an  afcitcs  and  other  droplies  : 
iince,  as,  by  the  difcharges  they  make 
by  the  kidneys  and  intellines,  they  not 
only  lelTen  the  quantity  of  watery  fluid 
in  the  blood,  but  alfo,  by  their  ftimti- 
lus^  increafe  the  force  of  the  circu- 
lation ;  the  exhalation  by  the  arteries 
mufl  be  lefTened,  at  the  fame  time 
that  the  imbibition  by  the  veins  is  in- 
creafed. 

The  furface  of  the  fldn  and  veficles 
of  the  lungs  are,  like  the  other  fur- 
faces  in  the  body,  endowed  with  ex- 
haling arteries   and    abforbent  veins : 

by 
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by  the  former,  th'^re  is  perpetually  dif- 
charged  from  the  blood  a  fine  lympha- 
tic fluid ;  and,  by  the  latter,  the  wa- 
tery particles  floating  in  the  air  are 
conltantly  conveyed  in^o  it. 

When  the  air  is  moifl:  and  the  body 
has  been  exhauilcd  by  fatigue,  the  im- 
bibition by  thofe  veins  often  exceeds 
the  exhalation  by  the  arteries^  as  Drs. 
Keill  and  Linrdng  have  obferved*:  but 5 
H  3  taking 

*  Medicin.  Stat.  Britain,  tab.  iv.  &  obfervat. 
&  Philofoph.  tranfaa.  No.  470* 

The  remarkable  imbibition  by  the  fkin  ob- 
ferved  by  Dr.  L/V2«///_^,  July  3.  1740,  betwixt 
2 1  and  5 1  afternoon,  happened,  'tis  true,  with- 
out any  preceeding  fatigue  ;  but  is  eafdy  ac- 
counted for,  from  his  having,  in  that  time,  dif- 
charged  28 1  ounces  of  urine  :  iince  (o  great  a 
waile  of  the  thinner  parts  of  the  blood  mufl 
not  Only  have  diminiihed  the  exhalation  by  t]\Q 
.cataneous  perfpiring  arteries,  but  alfo  ]iave  in- 
creafed  the  abforbent  power  of  the  imbibing 
veins  every  where  thro'  the  body  :  and  hence 
it  is,  that  in  z,  diabetes  the  urine  often  not  only 
exceeds  the  quantity  of  liquors  drunk,  but 
•-  thefe. 
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taking  the  whole  year  round,  the  per- 
fpiration  made  by  the  fkin  and  lungs 
exceeds  their  imbibition  by  about  forty 
ounces  a- day  in  Great  Britain^  and  fifty 
four  ounces  in  South  Carolina  j  which, 
tho'  it  lias  been  commonly  reckoned 
the  total  of  the  per  fpiration,  is  really 
no  more  than  its  excefs  above  the 
quantity  of  fluid  taken  in  by  the  ab- 
forbent  veins  of  the  fl<:in,  fauces^  and 
lungs. 

Alt  ho'  in  vegetables,  the  veiTels, 
which  perfpire  in  the  heat  of  the  day, 
frequently  alTume  a  contrary  office 
in  the  night-feafon,  and  imbibe  the 
dew  and  watery  particles  then  floating 
in  the  air ;  yet  it  does  not  feem  pro- 
bable, that  the  exhaling  or  perfpiring 
veiTels  of  animals  can  thus  become  im- 
bibing ones,  or  that  the  moifl:ure  of 

the 

thefe  are  taken  up  fo  greedily  by  the  abfor- 
bent  vefiels  of  the  ftomach  and  guts,  as  to  be 
diichnrged  by  the  kidneys,  before  one  would 
have  thought  they  had  got  into  the  bloods 
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the  air  can  be,  by  them,  conveyed 
into  the  blood :  fince  any  motion  in 
thefe  vefTels,  from  their  extremities  to 
their  larger  trunks,  muil  be  in  oppofi- 
tion  to  the  courfe  of  the  arterial  fluids. 

The  imbibition  by  the  veflels  of  the 
fkin  is  performed  in  the  fame  manner 
as  in  the  other  abforbents ;  only  it  is 
probable,  that  the  perpetually  varying 
ofcillations  of  the  external  air  may  con» 
cur  in  promoting  it. 

Altho'  the  exhalations  from  animal^ 
vegetable  and  mineral  bodies,  may  be 
tranfmitted,  along  with  the  watery 
particles  in  the  air,  into  the  blood,  by 
the  abforbent  veins  of  the  fkin  and 
lungs,  and  thus  account  for  peflilential 
and  epidemical  difeafes  raging  at  par- 
ticular feafons;  yet  it  is  by  no  means 
probable,  that  elaftic  air  can  be  imbibed 
by  thefe  velTels,  and  thus  conveyed  into 
the  blood:  for  it  has  been  obferved, 
that  this  fluid  moves  with  great  difficul- 
ty thro'  capillary  glafs  tubes,  tho'  fome 
hundred  times  larger  than  the  pores  of 

the 
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the  ikin  *:  and  it  is  well  known,  that 
water  and  other  fluids  can  penetrate 
many  fubflances,  thro'  which  air  can- 
not pafs. 

.  This  obfervation  of  the  difficulty 
with  which  air  moves  thro'  capillary 
tubes,  may  ferve  to  determine  acontio- 
verfy  which  has  long  fiibliited  arcong 
phyfiologifts :  viz.  Whether  or  not  any 
elajiic  air  enters  into  the  blood  b}  the 
lungs.  For,  fmce  a  few  drops  ot  water, 
with  fmall  portions  of  air  between 
them,  in  a  capillary  tube,  require  a 
greater  force  to  m:.ke  them  afcend, 
than  that  with  which  the  tube  at- 
tracts the  particles  of  that  fluid  f;  it 
mult  follow,  that,  if  any  elaJlic  air  were 
admitted  into  the  abforbent  veins  of 
the    lungs,     it    would   not  only    not 

move 

*  Aerem  vero  non  nifi  tarde  et  cum  quadam 
tenacitatc  per  hos  tubos  moveri,  femper  docuit 
cxperientia;  aeri  enim  ineft  fpecies  quaedam 
tenacitatis  aiit  immobilitatis.  Mufchenbroeck 
De  tub.  capill.  vitr.  cap.  i.  exp.  xi» 

t  Mufchenbroeck  loc.  citat. 
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move  thro'  them  itfelf,  but  hinder  their 
taking  np,  by  their  attradion,  any  o- 
ther  fluids. 

The  prodigious  fwelhng  of  animals 
in  an  exhaufled  receiver,  further  ihews, 
that  air  cannot  readily  pafs  thro'  the 
fmall  pores  of  the  fkin  and  hmgs.  Nor 
is  it  any  objection  to  this  dodlrine,  that 
air  has  been  found  in  the  cavities  of 
the  heart  ;  flnce,  in  a  morbid  ftate^ 
this  might  arife  from  the  blood,  of 
which  air  is  a  conilituent  part,  as  well 
as  of  other  fluids  *. 

It  is  very  obfervable,  that  air  hi- 
jedled  into  the  veins  of  an  animal,"  pro- 
duces obilrudtions,  concretions  and 
fudden  death ;  which  eifedls,  however,, 
may  be  eafily  accounted  for,  from  the 
power  which  air  has  of  coagulating 
blood,  and  from  the  furprifmg  influ- 
ence it  has  in  flopping  the  motion  of 
water,  even  in  large  pipes,  efpecially 
when  lodging  in  their  flexures  f. 

BuTj 
*  BalsH  Statical  EfTays,  vol.  i.  chap.vi. 
t  Philofoph.  tranikd.  No,  3930 
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But,  to  return;  as  the  effluvia  of 
different  fubflances  floating  in  the  air, 
are,  by  means  of  the  cutaneous  abfor- 
bents,  conveyed  into  the  blood,  fo  like- 
wife  are  the  finer  parts  of  plaifters, 
cataplafms,  fomentations,  and  all  other 
external  applications  :  which  ouglit 
therefore  to  be  confidered,  not  only 
as  having  a  topical  influence,  but  alfo 
as  adling  upon  the  whole  body  by  their 
fubtiler  parts,  which  are  mixed  with 
the  blood  and  other  fluids. 

It  may  be  thought  a  difficulty,  that 
quick-filver  applied  in  the  form  of  an 
ointment,  fhould  be  taken  in  fo  readily 
by  the  abforbent  veffels  of  the  fkin  ; 
iince,  as  has  been  obferved  above,  it, 
paiTes  thro'  the  intellines  without  get- 
ting into  the  ladleals.  But  this  hap- 
pens from  the  particles  of  the  mercury 
being  extremely  divided,  and  fo  united 
with  thofe  of  thegreafe  as  to  enter  the 
pores  of  the  fkin  along  with  them  :  for, 
tho'  quick-filver  is  repelled  by  capillary 
glafs  tubes,  yet,  if  their    internal  fur- 

facG 
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face  is  run  over  with  melted  greafe,  it 
will  be  attraded  by  them  *. 

We  are  told,  that,  upon  opening  the 
bodies  of  fuch  as  had  taken  mercury  in 
large  quantities,  this  fluid  has  been, 
fometimes,  found  in  the  cellules  of  the 
bones  and  elfewheref;  the  reafon  of 
which  may  be  eafily  underllood  from 
what  has  been  faid  above  :  for,  if  the 
very  fubtile  and  greatly  divided  par- 
ticles of  mercury  fhould,  after  they  are 
thrown  out,  by  the  exhaling  arteries, 
into  any  cavity  of  the  body  along 
with  the  finer  parts  of  the  blood,  unite 
by  their  flrong  mutual  attraction,  fo 
as  to  form  globules  whofe  diameters  are 
larger  than  the  diameters  of  the  abfor- 
bent  veins,  'tis  evident,  they  could  ne- 
ver be  taken  up  by  thefe  vefTels,  but 
mull  remain  for  ever  in  fuch  cavity. 

To 

*  Memoires  de  Tacadem.  des  fciences  an. 
1724.  and  Mufchenbrbeck  de  tub.  capill.  cap. 
iv.  exp.  12.  cor.  2.  and  cap.  vii. 

f  Wepfer  de  apoplex.  p.  277,  and  Mead 
on  poifons,  edit.  3. 
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To  conclude  our  obfervations  on  the 
abforbent  veflels  of  animals;  It  may  not 
be  improper  to  take  notice,  that  there 
are,  upon  the  internal  furfaces  of  the 
follicles  and  fecretory  and  excretory 
duds  of  the  glands,  bibulous  veins, 
whofe  office  is  to  carry  off  fluids  which 
would  be  improper  to  enter  into  the 
feveral  fecretions.  And,  if  we  fup- 
pofe  thefe  abforbent  vefTels,  like  other 
capillary  tubes,  to  attract,  according  to 
their  different  natures,  different  fluids 
more  or  lefs  flrongly,  we  fliall  fee  one 
great  caufe  of  the  various  fecretions  per- 
formed in  the  bodies  of  animals. 
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OBSERVATIONS 

O  N      T  H  E 
SENSIBILITY  and  IRRITABILITY 

OF      THE 

Parts  of  MEN  and  other  Animals. 

Part   L 

Of  Senfibility.- 

THE  truly  learned  and  jufllye- 
ileemed  Dr.  Haller^  in  his  late 
treatife  Be  partihus  corporis  humani  fen- 
fbilihus  et  irritabilibus  *,  has  favoured 
the  world  with  an  account  of  many 
new  and  curious  experiments;  from 
which  he  has  frequently  drawn  fuch 
conclufions,  as,  if  juil,  mull  necelTarily 
produce  conliderable  changes  both  in 
the  theory  and.  pradice  of  the  medical 
art.  Being  fenfible  how  contrary  his 
docflrine  is,  in  many  things,  to  the  re- 

I  2  ceived 

*'  Afta  Gottingenf,  vol.  2.  ad  an.  1752^  pag». 
114,  ^c. 
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ceived  opinion  of  almofl  every  phyfi- 
cian,  antient  as  well  as  modern,  lie  has 
been  at  uncommon  pains  in  making 
many  and  repeated  experiments ;  as 
much  to  overpower  the  incredulous  by 
their  number,  as  to  fecure  himfelf  from 
any  chance  of  being  deceived  *. 

Opinions,  even  purely  theoretical, 
Ihould  not  be  let  pafs,  if  there  is  any 
fallacy  in  them  :  but,  when  propofi- 
tions,  founded  on  experiments,  and 
fupported  by  men  of  high  charader, 
are  advanced,  by  which  pradlitioners 
in  medicine  may  be  led  into  errors  ;  it 
becomes  the  duty  of  every  lover  of  the 
healing  art,  to  prevent  their  being  ge- 
nerally received  as  truths. 

If  the  concluflons  in  the  treatife 
above  quoted,  ihall  be  thought  jufl", 
phylicians  and  furgeons  will  certain- 
ly treat  their  patients  in  a  manner 
very  different  from  what  they  have 
hitherto  done;  whereby,  if  there 
be   a  miftake  in  tlie  dodrine,  many 

lives 

*  Aila  Gottingenf.  p.  115. 
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lives  may  be  endangered  or  loft.  It 
feems  to  be  of  fome  confequence, 
therefore,  to  confider  this  matter  with 
attention,  and  to  examine  particular- 
ly. How  far  Dr.  Hdler's  fy  ft  em  of  fen- 
iibility  is,  or  is  not,  well-founded. 


SECT.     I. 

Our  author,  in  treating  of  the  fen= 
fibility  of  the  feveral  parts  of  the  hu- 
man body,  reckons,  among  the  infenli- 
ble  parts,  the  tendons,  aponeurofes^  hga- 
ments,  capful^  of  t\\Q  articulations, /?m- 
ejieum^  bones,  marrow,  dura  zndpia  ma- 
ter ^  pleura^  feruonmimypericardium^  medi" 
v.fiimim^  and  cornea, 

I .  He  tells  us,  that  living  animals,- 
v/liofe  tendons  were  cut,  burnt,  prick.= 
ed,  or  torn,  fhewed  no  figns  of  uneaii- 
nefs;  and,  when  a  little  part  of  the 
tendo  Achillis  was  left  intire,  they  walk- 
ed without  any  feeming  pain*. 

I  3  2.  When 

*  Ad.  Gotting.  V0L2,  p.  120, 
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2.  When  the  ligaments  and  capfii- 
l^e  of  the  articulations  were  pricked 
with  a  needle,  fcraped  with  a  knife,  or 
had  oil  of  vitriol  or  butyrum  antimonii 
applied  to  them,  the  animals  fhewed 
no  fenfe  of  pain  *.  The  wounds  of 
thcfe  parts  and  of  the  tendons  wxre 
followed  with  no  bad  fymptoms,  and 
were  cured  without  any  other  remedy 
than  the  faJiva  of  the  animal,  and 
fometimes  without  this  f . 

3 .  The  pen  oft  eum^  when  wounded,  torn 
or  burnt,  caufed  no  pain  to  the  animals:|:. 

4.  He  allows  feeling  to  the  teeth , 
but  not  to  the  other  bones,  becaufe 
they  are  not  furniihed  with  nerves, 
and  becaufe  he  has  feen  the  fkull  tre- 
panned, without  giving  pain,  in  perfons 
who  were  pofTeiTed  of  all  their  fenfes||. 

5..  He  denies  feeling  to  the  marrov/, 
not  from  any  experiments  of  his  own 
on  living  animals ;  but  becaufe  it  is  a 
fatty  fubflance  and  dellitute  of  nerves  §. 

6.  Wheh 

*  A£t. Getting,  vol.  2.  p.  izzetiz^. 

t  Ibid.  p.  121  et  223.  X  Ibid.  p.  1230 

[I  Ibid.  p.  124.  §  Ibid;  p.  125. 
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6.  When  the  dura  mater  was  cut 
or  lacerated,  or  burnt  with  oil  of  vitri- 
ol, fpirit  of  nitre,  2^x16.  hutyrmn  antimonii^ 
the  animal  feemed  to  have  no  feeling 
of  the  injury  *. 

7.  When  the  pa  mater  was  burnt 
by  touching  it  with  hutyrum  antimonii^ 
the  animals  neither  cried,  nor  were 
they  convulfed;  but,  as  foon  as  the 
brain  itfelf  was  wounded,  the  body  of 
the  animal  was  twifled  and  diftorted 
with  violent  convulfionsf . 

8.  Tht  periton^um^  pleura^  2.-nd.  peri^ 
cardium^  when  laid  bare  and  cut,  or  0- 
tkerwife  irritated,  produced  no  change 
in  the  animal  j. 

9.  He  denies  feeling  to  the  mediafti- 
num^  not  upon  the  authority  of  any 
experiments,  but  becaufe,  like  the  'pleu- 
ra^ it  is  a  membrane  and  deflitute  of 
nerves  jl. 

Lo.  He 

*  Aa.Gottiiig.  yol.  2.  p.  126. 
f  Itid.p.  130.         \  Ibid.  p.  130, 
(}  Ibid.  p.  I  jr. 
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lo.  He  reckons  the  cornea  infenfiblc, 
becaufe  its  nerves  cannot  be  demon- 
flrated,  and  it  is  often  pierced  with  a 
needle  without  giving  pain  *. 

Besides  the  infenfible  parts  above 
mentioned,  there  are  others  which,  ac- 
cording to  Dodor  Haller^  have  either 
no  fenfe  of  feehng,  or  a  very  obfcare 
one  J  and  thefe  are  the  arteries,  veins^ 
glands,  and  vifcera^  viz.  the  lungs,  liver, 
fpleen  and  kidneys,  which,  when  prick- 
ed, cut,  or  otherwife  irritated,  ihewed 
nothhig  like  feeling  f. 

The  conclufions  which  our  author 
draws  from  the  above  experiments,, 
may  be  reduced  to  the  three  following. 

.ly?.  That  the  tendons,  ligaments, 
capfulae  of  the  joints,  dura  mater  ^pleura 
and  other  membranes,  are  quite  infen- 
fible. 

2^/y,  From  the  infenfibility  of  thefe 
parts,  and  the  difficulty  of  tracing,  by 
dilTedion,  any  nerves  to  them,  he  con- 
cludes 

*  A£l.  Getting,  vol.  2.  p.  i5>3. 

f  Ibid.  p.  131  and  132. 
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dudes  that  they  have  none,  and  that 
this  is  the  reafon  why  they  are  delti- 
tute  of  feeling. 

"  ^dly^  He  thinks  it  follows,  that  thofe 
parts  which,  from  his  experiments,  he 
concluHes  to  be  infenfible,  have  been 
unjuftly  accufed  by  phyficians,  as  the 
feat  of  many  painful  difeafes.  Particu- 
larly, that  tliQ  pain,  fwelling  and  inflam- 
mation which  have  often  followed 
ven^fedion  in  the  flexure  of  the  arm, 
have  not  been  owing  to  the  tendons  or 
apomurofes^  in  that  part,  being  pricked 
by  the  lancet,  but  to  the  median  nerve 
or  fome  branch  of  the  mufculo- cutane- 
ous nerves  being  wounded  *. — That 
we  need  be  no  way  afraid  of  wounds 
of  the  tendons,  whether  they  be  cut, 

pricked,  burnt,  or  otherwife  hurt. 

That  the  cephaUa  and  phrenitis  have 
not  their  feat  in  the  dura  mater,  -f . — 
That  the  fkin  or  fubcutaneous  nerves 
are  the  feat  of  the  violent  pain  with 

whic  h 
*  A£l.  Gotting,  vol.  2o  p.  121. 
f  Ibid,  p,  136, 
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which  arthritic  patients  are  affedled,. 
and  not  the  ligaments  or  capful^e  of  the 
joints  *.  And  that  the  pain  of  the 
pleurify  has  been  without  reafon  fup- 
pofed  to  be  owing  to  an  inflammation 
of  tht pleura^  which  is  void  of  feeHng  -f^ 
In  the  few  obfervations  which  I  pro-- 
pofe  to  make  on  this  dodrine,  I  fhall, 
Firft^  Confider  the  parts,  reckoned  in- 
fenfible  by  Dr.  Haller^  in  a  found  na- 
tural flate,  fiich  as  they  were  in  his 
experiments ;  and  2dly^  When  they  are 
affected  with  difeafes,  whether  in  con- 
fequence  of  fuch  experiments,  or  from, 
other  caufesr 


SECT.    II. 

I.  In  making  or  relating  experiments, 
with  a  view  to  difcover  the  fenfibility 
or  infenfibility  of  the  feveral  parts  of 
animals,    particular   regard   fliould   be 
had  to  an  obfervation  made  by  Hip- 
pocrates^ 
*  Aa.  Getting,  vol.  2.  p.  i?2.  and  123. 
t  Ibid.  p.  130. 
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f  Derates^  above  two  thoufand  years  ago, 
viz,  Thac  a  greater  pain  deftroys,  in  a 

conliderable  degree,  the  feeling  of  a 
lelTer  one*;  an  obfervation,  the  truth 
of  which  is  confirmed  by  .the  daily  ex- 
perience of  every  phyfician.  Thus, 
pricking  any  part  of  the  body  fo  as 
to  give  confiderable.pain,  will  fo. obli- 
terate the  irritation  in  the  left  orifice 
of  the  ftomach,  which  is  the  caufe  of 
the  hiccup,  as  inllantly  to  put  a  flop 
to  this  convulfive  motion.  If  a  lighted 
candle  be  brought  near  a  perfon  whofe 
eyes  are  a  little  inflamed,  it  will  give 
him  a  good  deal  of  uneafinefs;  but,  if 
he  be  placed  firfl  in  the  funihine,  the 
candle  will  not  add  fenfibly  to  his  pain. 

When  a  frog's  hinder-feet  are  pricked 
or  otherwife  wounded,  immediacely 
after  cutting  off  its  head,  it  makes 
fcarce  any  motions  at  all  with  its  legs, 
and  ihews  almofl:  no  figns  of  feehng; 
but,  if  the  toes  are  pricked  or  cut,  ten 
or  fifteen  minutes  after  decollation,  the 

legs 

*  Aphor.  Lib.  2  Nc.  46. 
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legs  and  thighs  are  not  only  violently 
moved,  but  fometimes  alio  the  trunk 
of  the  body.  Now,  if  in  this  cafe,  as 
we  fee,  the  great  pain  occafioned  by 
cutting  off  the  head  rendered  the  ani- 
mal for  fome  time  infenfible,  when  its 
toes  were  wounded ;  is  it  to  be  won- 
dered at,  that,  after  the  more  fenfible 
parts  were  cut,  thofe  animals,  which 
Dr.  Haller  opened,  fhewed  no  figns  of 
pain,  when  the  lefs  fenfible  parts  were 
wounded  ? 

When  the  thorax  of  a  living  animal 
is  laid  open,  it  does  not  feem  to  receive 
any  additional  pain  by  pricking  of 
cutting  its  heart ;  no  new  convullions 
are  produced,  nor  any  change  in  the 
body,  except  perhaps  a  quicker  repe- 
tition of  the  heart's  motions:  does  it 
follow  from  this,  that  the  heart  is  defli- 
tute  of  feeling  I  No,  furely  ;  but  only 
that,  after  the  great  tortures  fuiTercd 
by  laying  open  the  thorax^  the  new 
pain  produced  by  wounding  the  heart 
is  too  fmall  to  make  any  remurkible 

imprellion 
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imprefTion  upon  a  dying  and  half- in- 
feniible  animal. 

Does  it  not  appear,  from  what  has 
been  faid,  that  a  want  of  due  attention 
to  the  above-mentioned  maxim  of 
Hippocrates^  which  is  fupported  by  the 
flrongell  experiments  and  obfervations 
has  given  occafion  to  Dr»  Halln's 
iiiillakes  with  regard  to  the  feniibihty 
of  many  of  the  parts  of  animals?  Thus, 
it  will  not  follow,  that  the  tendons,  li- 
g  iments,  ^^/'/i^of  the  joints,  periofteum 
and  dura  mater ^  had  no  feeling  at  all 
when  they  were  cut,  torn  or  pricked 
becaufe  no  convulfive  motions  or  other 
iigns  of  uneafinefs  appeared  in  the  ani-. 
mals  at  that  time ;  for  this  might  be 
owing  to  the  greater  pain  occafioned 
by  cutting  the  fkin,  fubcutaneous 
nerves,  &;c.  in  order  to  get  at  thofe 
parts,  the  lenfibility  of  which  our 
learned  author  propofed  to  try.  The 
conclufion  therefore  which  iliould  be 
made  from  his  experiments,  is,  not 
that  the  parts  above-mentioned  are 
K  wholly 
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v/holly  deilitute  of  feeling,  <t)ut  that 
they  are  much  Icfs  fenfible  than  fome 
others,  or  than  has  been  commonly  be- 
lieved by  phyiicians. 

With  regard  to  the  marrow  which 
Dr.  Haller  reckons  infeniiblej  Duver- 
ney^s  experiments  made  on  men  *, 
(which  have  alfo  facceeded  with  my 
ingenious  friend  and  collegue  Mr. 
Monro)  and  particularly  his  experiment 
made  on  a  living  animal  before  thjs 
Royal  Academy  of  Sciences  at  Pans  f , 

are 

*  Dans  les  hopItauY,  ou  voyant  panfer  ceux 
■qui  avoient  eu  un  bras  ou  une  jambe  coupee, 
je  pouvois  voir  la  moelle  a  decouvert, — toutes 
les  fois  que  jela  faifois  toucher  un  peu  rude- 
ment,  le  malade  donnoit  aufli-tot  des  marques 
d'une  nouvelle  douleur. 

Memoires  de  I'Acad.  des  Sciences  1700. 
edit.  8vQ,  p.  255. 

f  "  Vous  vous  fouviendrez,  MeiTieurs,  que 
<<  je  iis  fcier  devant  vous,  par  le  milieu,  Tos  de 
**  la  cuifTe  d'un  animal  vivant ;  et,  ayant  fait 
**  6ter  les  chairs  et  les  membranes  pour  laifTer 

"le 
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are  fufEcient  proof  that  this  part  is  far 
from  being  dcilitute  of  feeling:  and' 
the  reafons  given  by  Dr.  HaUer  for  his 
placing  it  among  the  infenfible  parts,- 
are  not  of  any  weight,  when  com- 
pared with  thole  experiments ;  for  the 
feeling  of  the  marrow  is  not  owmg  to 
its  oil,  but  to  the  membranes  contain- 
ing this  oil :  and  the  experiments 
which  demonilrate  its  fenfibiliry,  prove 
that  thefe  membranes  are  furniihed 
with  nervous  filiments,  altho'  they 
may  be  too  fubtile  to  be  traced  by  the 
knife  of  the  moll  accurate  anatoniiil. 
K  2  3.  The 

**  le  bout  de  I'os  entierement  a  nud,  comme 
**  tous  ces  ebranlemens  et  ces  divifions  cau- 
"  foient  de  douleur  tres  cruelle  a  Tanimal, 
*'  j'eus  la  precaution  d'attendre  que  cette 
"  douleur  fut  pafTee,  et,  quelque  terns  apres, 
"  plongeant  un  ftilet  dans  la  moelle,  vous  vitas 
*'  que  ranimal  donna  auffi-tot  des  marques 
**  d'une  tres  vive  douleur,  ce  qui  fut  reitere 
"  plufieurs  fois  avec  la  meme  pi-ecaution,  et 
**  avec  le  meme  fucces." 

Memoires  de  I'Academie  Royale  des  Sciences 
170Q,  edit.  8yo,,  p.  256. 
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3.  The  tunica  cornea  is  fo  far  from 
being  infenfiblc,  as  Dr.  Haller  would 
perfiiudc  us,  that  any  one  may  be  fcon 
convinced  of  the  contrary  by  an  eafy 
experiment  upon  his  own  eye ;  for, 
when  the  cornea  is  touched  with  the 
point  of  one's  finger,  a  very  fenfible 
pain  is  felt :  and  it  is  well-known,  that 
powder  of  tobacco,  or  any  acid  liquor 
applied  to  the  coinea^  excites  a  very 
painful  fenfation.  Tho'  the  fclerotic 
coat  of  the  eye  is  far  from  being  defli- 
tute  of  feeling,  yet  I  have  found  it  to 
be  lefs  fenfible  than  the  cornea^  by 
touching  both,  not  only  with  the 
point  of  my  finger,  but  alfo  with  a  bit 
of  foft  filk  or  linnen. 

Having  had  lately  occafion  to  be 
prefent  at  the  extradion  of  the  cryftal- 
line  lens  in  Mr.  Sharp's  way  *,  I  en- 
quired particularly  at  the  patient. 
Whether  he  felt  any  pain  when  the 
cornea  was  firfl  pierced  with  the  knife 
employed  in  that  operation:    he  told 

me, 
*  Philofoph.  tranfad.  vol.  xlviii.  p.  i.  p.  322; 
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Bie,  He  thought  the  pain  was  mtich 
the  fame  with  what  he  ufed  to  feel 
when  the  fldn  of  his  arm  was  cut  in 
blood-letting*  It  defer ves  however  to  be 
remarked,  that,  tho'  the  fkin  and  cornea 
are  both  endowed  with  a  very  conli- 
derable  degree  of  fenfibility  ^  yet,  when 
they  are  cut  quickly  with  a  very  fliarp 
inflrument,  there  is  much  lefs  pain  felt 
than  one  would  imagine.  Thus,  when 
the  fkin  is  flightly  v/ounded  in  fliaving 
one's  beard  with  a  razor,  the  blood 
that  follows  is  often  the  firil  thing 
that  lets  one  know  of  any  fuch  thing 
having  happened :  and  this,  together 
with  the  pain  occafioned  by  holding 
the  eye  firm  in  its  orbit,  and  the  con- 
cern the  patients  are  generally  in,  may 
very  well  account  for  their  fcarce  per- 
ceiving any  pain  when  the  cornea  is 
pierced  with  a  fharp  needle.  So  that, 
upon  the  whole,  it  appears,  that  the 
cornea  is  poiTefTed  of  a  remarkable  de- 
gree of  fenfibility  ;  and  confequently, 
that  Dr.  Hallefs  pofition,  That  all 
K.  3  membranes 
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membranes    are  dellitute  of  feeling*, 
mull:  admit,  at  leaft^  of  one  exception. 

4.  Our  author  allows  the  kidneys 
either  no  feeling,  or  a  very  obfcure 
degree  of  it ;  becaufe  he  could  obferve 
no  figns  of  pain  in  the  animals,  whofe 
kidneys  he  cut  or  pricked  with  a  knife  : 
but,  after  cutting  the  fidn,  abdominal 
mufcles,  &c.  and  difplacing  the  in- 
teftines  in  order  to  get  at  the  kidneys, 
it  was  fcarcely  to  be  exped:ed,  that  the 
animals  would  fhew  any  tokens  of  ad- 
ditional pain  when  thefe  organs  were 
wounded,  unlefs  they  had  been  equally, 
or  more,  fenfible,  than  the  parts  before 
differed. 

A  phylician  of  my  acquaintance, 
who  had  occafion  to  fee  the  operation 
of  nephrotomy  performed  a  few  years 
lince,  was  told  by  the  patient  that, 
when  the  kidney  was  opened,  he  felt 
pain,  tho'  duller  and  lefs  acute  than 
when  the  fkin  was  cut. 

It 

*  Adl.  Getting,  vol.  2.  p.  150. 
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It  is  very  obfervable  that,  while 
Dr.  Hallcr  denies  feeling  to  the  kidneys, 
he  allows  it  to  the  ureters :  not  becaafe 
animals,  when  thefe  are  cut  or  wound- 
ed, fhew  figns  of  greater  pain,  than^ 
when  the  kidneys  are  treated  in  the 
fame  manner;  but  becaufehefuppofes  the 
ureters  to  be  of  the  nature  of  the  fkiUj 
and  propagated  from  it  *-  And  indeed, 
even,  the  flrongeil  experiments  upon 
brute  animals  would  not  have  been 
fuificient  to  have  proved  the  ureters 
infenfible  in  men  ;  when  It  ones  paffing 
from  the  kidneys  to  the  bladder,  ge- 
nerally occalion  fucli  exquifite  pain* 
But,  does  not  the  acute  pain  always  at- 
tending a  nephritis^  and  fometimes  oc- 
calioned  by  a  flone  lodged  in  the  kid- 
neys, Ihew  beyond  doubt,  that  they 
are  endowed  with  feeling,  as  well  as 
the  ureters  ?  while  nothing  can  be 
concluded  from  calculi  lying  long  in  the 
kidneys  without  giving  pain  -f,  except 

that 
*  Aft.  Getting,  vol.  2.  p.  I3r» 
f  Ad.  Getting,  vol  2.  p.  132, 
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that    they  were  fo  fituated  as  not  to 
hurt  them. 

5.  Alt  ho'  brute  animals  Ihew  fmall 
llgns  of  fenfibility,  when  glands  are 
pricked,  or  have  acrid  things  applied  to 
them,  immediately  after  the  very  [en^ 
fible  Ikin  has  been  cut ;  yet,  we  know 
that  a  bruife  on  the  tellicle  often  caufes, 
inflantly,  fuch  exquifite  torture,  as  to 
make  men  faint;  and  a  blow  on  a 
woman's  breafls  often  excites,  immedi- 
ately, fhooting  pains  in  the  gland  there,, 
tho'  no  mark  of  the  bruife  appears  in 
the  fldn.  Thefe  are  fuch  undoubted 
proofs  of  the  fenfibility  of  the  glands, 
as  no  experiments  made  on  brute  ani- 
mals will  ever  be  able  to  overthrow. 

6.  Dr.  Haller  allows  the  membranes 
of  the  aorta  near  the  heart,  and  of  the 
temporal,  lingual,  labial,  thyroid  and 
pharyngean  arteries,  to  be  fenfible;  but 
thinks  the  coats  of  the  arteries  in  other 
parts  of  the  body  have  either  no  feeling 
or  a  very  obfcure  degree  of  it  ;  tho'  it 
does  not  appear  from  his  experiments, 

that 
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that  animals  complained  more  when 
the  former,  than  when  the  latter,  were 
irritated.  In  this  cafe,  he  relinquifhes 
the  appeal  to  experiment,  and  founds 
his  opinion  on  his  tracing  nerves  to  the 
former,  which  he  could  not  do  to  tlie 
latter  :  an  argmnent  he  makes  ufe  of 
upon  feveral  other  occafions,  and  which 
is  next  to  be  examined. 

7.  As  our  author  not  only  founds  his 
opinion  of  the  infenfibility  of  many 
parts  of  the  body  upon  experiments 
made  on  living  animals,  but,  alfo,  on 
their  being  deftitute  of  nerves ;  we  Ihall 
briefly  confider,  whether,  from  the  real 
or  feeming  infenfibility  of  any  part,  or 
from  anatomifts  being  unable  to  de= 
monflrate  its,  nerves,  we  are  intituled 
to  conclude  that  it  has  none. 

Alt  ho'  the  tendons  are  quite 
infenlible  according  to  Dr.  Haller^  and 
their  nerves  can  fcarcely  be  demon- 
ftrated  by  anatomifts ;  yet,  we  are  con° 
vinced,  that  the  tendons  are  not  defti- 
tute of  nerveSj  from  the  following  ob- 
vious 
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vious  obfervition.  In  foetufes  and 
new-born  chiLircn,  the  parts  which, 
afterwards,  in  an  adult  Itate,  become 
tendinous,  are  miifcuLir  or  partly  fo ; 
and,  as  animals  advance  in  age,  the  pro- 
portion of  the  tendinous,  to  the  muf- 
culir  part,  gradudly  increafes  :  we 
mull  either,  therefore,  deny  nerves  to 
themafcles,  or  allow  them  to  the  ten- 
dons alfo. 

/jLtho'  we  cannot  trace  nervous 
filaments  to  the  fniall  arteries,  we  have 
reafon  to  believe  they  are  furnilhed 
with  them  ;  elfe,  how  could  the  dif- 
tradtion  of  their  coats  in  inflammati- 
ons, occafion  fuch  acute  pain  ?  I  think, 
we  may  conclude  every  part  that  is 
liable  to  be  inflamed  by  irritation,  to 
be,  in  fome  degree,  fenfible  and  en- 
dowed with  nerves ;  for,  fince  the  in- 
flammation cannot  in  this  cafe  be  ow- 
ing to  any  increafed  force  of  the  heart, 
the  dilienfion  of  the  fmall  arteries,  and 
the  greater  impetus  of  the  blood  in  them, 
mufl  be  owing  to  an  increafed  ofcilla- 

tory 
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tory  motion  in  the  velTds  tliemfelves, 
excited  by  the  unufual  irritation ;  but, 
thefe  motions  of  the  fmall  vefl'cls  be- 
ing of  a  Hke  kind  with  thofe  alternate 
contractions  which  are  obferved  in 
niufcles  whofe  fibres  have  been  irritated, 
it  will  follow  that  thofe  veffels  partake 
of  a  niufcular  nature,  and  confequently 
have  nerves  like  the  other  mufcles. 

With  regard  to  the  membranes) 
fince  the  dura  mater  and  pleura  are  fur- 
nifhed  with  nervous  filaments,  which 
anatomiits  have  been  able  to  demon- 
ftrate  *,  we  may  realonably  conclude 
that  the  other  membranes  are  not  defli- 
tute  of  them  ;  altho'  they  may  be  too 
fmall  to  come  under  the  eye  of  the  bell 
dilTedor.*  this  is  certainly  true  of  the 
cornea  and  membranes  containing  the 
marrow,  which  we  have  fhewn,  from 
undoubted  experiments,  to  be  fenfible, 
and  confequently  not  without  nerves. 
It    appears  therefore,  that  we   can  by 

no 

*  Winflow  expofition.  anatom.  fed.  ix.  No. 
35.  andfe»!l.  x.  No.  47. 
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no  means  conclude  any  part  to  be  in- 
lenfible,  merely  bcc2iUic  its  nerves  can- 
not be  demonilratcd. 

On  the  other  hand,  it  is  allowed 
that  we  cannot  certainly  conclude, 
from  a  part's  being  furniihtd  with 
nerves,  that  it  is  fen  fib] e  at  all,  or  in 
wliat  degree:  for,  the  nerves  muit  be 
in  a  certain  degree  of  flexibility  and 
tenfion,  to  perform  their  offices  rightly ; 
and,  in  proportion  as  they  recede  from 
this,  their  fenfibility  will  be  more  or 
lefs  blunted.  Examples  will  illuftrate 
this. 

The  bones,  which  in  a  natural  found 
ftate  are  infcnfible,  are  neverthelefs 
moil  certainly  furniflied  with  nerves; 
as  appears  from  the  remarkable  fenfi- 
bility of  the  granulated  fubllance  which 
rifes  from  them  after  fracftures,  or  their 
being  chizelled,  or  when  they  expoliate : 
this  foft  flefh,  however,  gradually  lofes 
its  feeling  as  it  grows  harder,  till  be- 
ing, at  laft,  turned  into  a  callous  or 

bonny 
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bonny  fubitance,    it  becomes   wholly 
inienfiblc. 

The  membranes  of  the  tela  cellular  is 
are,  in  a  natural  ilate,  foit,  flexible  and 
diitenlile,  and  have  little  feeling  ;  but, 
in  every  wound  or  ulcer,  when  they 
acquire  fome  more  hrmnefs,  they  are 
feniible  of  every  touch  and  every  acrid 
application,  as  furgeons  fee  daily. 
After  a  cicatrice  has,  fometime,  cover- 
ed the  parts  where  the  fore  was,  and 
they  have  returned  to  their  natural 
foftnefs,  thefe  cellular  membranes  lofe 
agiin  their  fenfibility,  as  appears  on 
making  a  new  wound  thro'  the  cica- 
trice ;  and  recover  it  again,  whenever 
they  become  firm  and  tenfe,  by  the 
new  inflammation  and  fuppuration. 

The  dura  mater ^  which,  in  a  found 
flate,  has  but  little  feeling,  granulates 
after  the  trepan,  and  feels  every  irri- 
tating fubllance  applied  to  it ;  and  the 
fame  thing  happens  to  cartilages,  liga- 
ments, tendons,   membranes,  ^c, 

L  With- 
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Without  attention  to  this  change 
in  the  firmnefs  of  parts,  and  its  e.fFccl 
upon  their  nerves,  wc  could  never  ac- 
count for  what  has  been  obferved  a- 
bove,  vtz,  that  the  parts  of  mufcles, 
which  in  fcetufes  and  children  are  lax 
contracting  fibres  and  very  fenfible,  be- 
come, in  a  great  meafure,  infenfible, 
in  a  found  flate,  when,  by  the  crea- 
ture's advancing  in  age,  they  areccm- 
paded  into  tendons,  as  happens  to  ma- 
ny of  them. 

If  fenfibility,  then,  be  a  fure  mark 
of  the  exiilence  of  nerves  in  any  part 
of  the  body,  there  is  not  one  that  is 
deiiitute  of  them,  altho'  anatomifts 
will  never  be  able  to  demonllrate  thera 
in  every  part. 

Fkom  what  has  been  faid,  it  may 
appear,  that  Dr.  Haller^s  experiments 
on  living  animals  do  not  fufficiently 
prove  the  dextrine  he  would  deduce 
from  them  ,  and  .that  his  argument  for 
the  infenfibility  of  part>,  taken  from 
their  nerves  not  being  demonltrable, 

is 
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is  altogether  inconclufive.  Let  us  next 
try  what  further  light  difeafes  will 
throw  upon  this  fubjed. 


SECT.     IIL 

If  the  parts  reckoned  inf.'niible  by 
Dr.  Haller  were  really  deflitute  of 
nerves,  it  would  follow  that  diey  could 
in  no  cafe  become  the  feat  of  painful 
fenfation ;  and  even  fuppofing  them 
furniflied  with  nerves,  but  pofTeffed  on- 
ly of  an  obfcure  degree  of  feeling,  it 
may  be  thought,  at  leaft,  not  probable 
that  they  can  be  the  feat  of  thofe  pain- 
ful difeafes  commonly  afcribed  to  them^ 
In  order  to  fet  this  matter  in  a  proper 
light,  it  will  be  fuiiicient  to  diilinguifh 
between  parts  in  a  found  and  in  a  dif- 
eafed  Hate.  In  a  found  flate,  the  feel- 
ing of  many  parts  of  the  body  is  but 
very  dull,  which  is  altogether  neceiTa- 
ry  to  prevent  the  unealinefs  we  would 
otherways  perpetually  fuifer,  when  our 
organs  are  firetched,  prefTed  upon,  l^c. 
L  2  ill 
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in  the  common  offices  of  life  :  fuch 
parts,  therefore,  when  cut  or  wound- 
ed, in  a  found  Hate,  give  Httle  uneafi- 
nefs ;  but,  if  afterwards  an  inflamma- 
tion comes  on  them,  they  become  ex- 
tremely fenfible,  and  their  over-llretch- 
ed  veffeh  and  nervous  fllaments  occa- 
fion  intenfe  p  un,  by  which  we  are  ex- 
cited to  endeavour  the  cure  of  the  dif- 
eafe. 

It  is  certain,  that  the  parts  which 
are  mofb  fenfible  in  a  found  ilate,  ac- 
quire a  more  acute  feelirtg  when  infla- 
med. Thus  the  llomach,  which,  in 
health,  can  bear  the  touch  of  wine, 
brandy,  and  other  pungent  liquors, 
without  being  hurt,  is,  when  inflamed, 
often  brought  into  convulfions  by  the 
ijiildefl  drinks ;  and  light,  v/hich  gives 
no  fenfible  pain  to  the  eye  in  a  found 
itate,  becomes  intolerable  when  this 
organ  is  inflamed.  Nor  can  we  doubt 
that  the  more  infenfible  parts  may  ac- 
quire, when  inflamed  or  otherways  dif- 
eafed,    a  remarkable  degree  of  fenfibi- 

lity. 
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lity.  Examples  above  recited  have 
ihewn  this  to  be  true  of  the  bones^ 
tela  cellularis^  and  dura  mater  \  and  the 
following  fa6ls  will  iliew  the  fame 
thing,  in  other  parts,  reckoned  either 
wholly,  or  almoft  wholly  infenfible 
by  our  author. 

As  often  as  there  is  an  inflammati- 
on, efpecially  when  tending  to  fuppu- 
ration,  in  any  of  the  glands,  as  the 
parotids,  tonfils,  niaxillaries,  mamm^j 
teftes^  kidneys,  l£c,  the  patient  is  tor- 
tured with  pain,  often,  before  the  te- 
guments are  affected  or  even  confide- 
rably  flretched.  And  is  not  this  % 
much  better  proof  of  the  fenfibility  of 
thefe  parts,  than  [chirr i  and  other  indo- 
lent fwellings  ar^  of  the  contrary  ? 

The  fore-part  of  the  eye,  v/hen  in- 
flamed, can  bear  the  touch  of  no  hard 
or  acrid  fubftance ;  and  fungi  rifing 
from  it,  give  very  fliarp  pain,  wheiir 
fretted. 

In    the    rheumatifm,  joints,    where 

^\Q  ikin  is  unftretched  and  of  the  na- 

L  3  tural 
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tural  colour,  and  where  no  mufcular  fi- 
bres are  placed,  are  feverely  pained  on 
the  leail  motion,  tho'  done  without 
the  effort  of  the  patient,  which  mutl 
therefore  depend  on  the  fenfible  liga- 
ments and  tendons ;  iince  large  branches 
of  nerves,  thus  aiie(5led,  would  pro- 
duce convulfions  of  the  mufcles  they 
ferve,  which  do  not  happen  ;  befides, 
in  thefe  cafes,  the  piin  is  not  felt 
where  the  large  nerves  are. 

A  contufion,  by  a  fall  on  the  great 
trochanter  of  the  thigh,  without  cau- 
fing  ecchymofis^  or  fwelling  of  the  te- 
guments, often  brings,  in  a  little  time, 
racking  pain  on  all  the  outfide  of  the 
thigh,  leg  and  foot  ;  which  continues 
obilinately  for  months  or  years  thro* 
the  whole  extent  of  tho^fafcia  lata. 

An  inflammation  of  the  periojleum^ 
as  in  the  panaris^  where  the  fuppurati- 
on  happens  between  this  membrane 
and  the  bone,  nay,  even  the  repletion 
of  the  veiTels  of  an  over-flretched  ^^- 
rioftettmy  as  by  heat  or  fdod  in  venereal 

nodes, 
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nodes,  gives  very  fharp  pain.  And, 
in  the  fpina  ventofa  and  other  fuppura- 
tions  of  the  marrow,  pain  is  felt  be- 
fore any  figns  of  the  difeafe  appear  ex- 
ternally. 

These  obfervations  feem  to  demon- 
fir  ate,  beyond  doubt,  that  many  of 
thofe  parts,  vi^hich  Dr.  Haller  would 
have  us  believe  to  be  infenlible,  are 
often  the  feat  of  remarkable  pain  in 
the  human  body ;  and,  I  cannot  help 
thinking,  that,  in  other  examples^ 
where  he  endeavours  to  aflign  a  diire- 
rent  feat  of  the  painful  fenfation,  he 
is  miftaken,  and  is  laying  the  foun- 
dation of  dangerous  pradice.  It  v^ill, 
therefore,  be  worth  while  to  examine 
thefe  cafes. 

I .  He  imagines  that  the  pain,  fwel« 
ling,  and  inflammation  of  the  arm^ 
which  have  fometimes  followed  the  o- 
pening  of  the  median  vein,  muft  have 
proceeded,  not  from  a  wound  of  the 
vtendon  of  the  biceps  mufcle,  but  of  the 
median  or  fome  other  nerve.     But,  if 

this 
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this  were  the  cafe,  why  fliould  not  fi- 
milar  fymptoms  fometimes  follow  blood- 
ing in  the  cephalic  or  jugular  veins  ? 
In  opening  the  jugular  vein,  feme  ner- 
vous filaments  are  frequently  wound- 
ed, and  often  occafion  a  fliarp  pain,  as 
if  the  point  of  the  lancet  had  been  left 
in  the  wound;  this,  however,  goes 
off  in  a  day  or  two,  or  fooner,  without 
leaving  any  bad  confequence.  But  the 
mifchiefs  which  have  followed  blooding 
in  the  median  vein  are  of  a  different 
kind  ;  tho'  little  or  no  pain  is  felt  at 
firfl,  yet  afterwards,  not  only  the 
whole  arm  is  violently  pained  and  fwel- 
led,  but  a  particular  hard  fwelling  is  of- 
ten formed  in  the  place  where  the 
wound  was  made,  from  which  a  thinr 
lymph  iffues  ;  and  the  patient  does  not 
recover  the  full  ufe  of  his  arm  for  feve- 
ral  months ;  nay,  fometimes  lofes  the 
motion  of  the  elbow-joint  altogether. 
And,  that  a  wound  in  the  tendon  is, 
at  leafl,  fometimes  the  caufe  of  thofe 
fymptoms  that  follow  blood-letting  in 

th% 
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che  flexure  of  the  arm,  appeared  evi- 
dently in  a  patient  who  died  in  this 
place,  fome  years  ago,  of  a  fever  occa- 
floned  by  the  pain,  fwelling  and  in- 
fiammation,  confequent  rpon  opening 
the  median  vein  of  the  right  arm,  the 
tendo  hcipiii?  of  which  was  fwelled  to 
near  ten  times  its  natural  bulk. 

How  very  fenflble  tendons  may  be- 
come when  inflamed,  appears  from  va- 
rious obfervations ;  pai  ticularly  one 
mentioned  by  the  learned  Dr.  Van 
Swieten^  of  a  Nobleman,  who  was. 
feized  with  moil  terrible  convulfions 
over  his  whole  body  the  moment  his 
furgeon  took  hold  of  one  of  the  ten- 
dons near  his  ancle,  mifhaking  it  for  a 
part  of  the  fatty  membrane  *. 

2.  Our  author  afcribes  the  pain  of 
the  gout  to  the  fkin  or  fubcutaneous 
nerves,  and  not  to  the  capful^  or  liga- 
ments of  the  joints  aifecled.  But  does 
not  the  rigidity  of  the  joints,   which 

the 

*  Comment,  in  Aphor.  BoerKaave,  voll  2, 
p.  24U 
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the  gout  at  Lift  produces,  lliew,  that 
its  feut  is  deeper  than  the  fkin  or  nerves 
below  it ;  and  tiiat  the  ligaments  of 
the  articulations,  and  tendons  of  the 
mufcles  which  ferve  for  their  motions, 
are  aifeded  ? 

When  one  fprains  his  vvrift  or 
ancle,  tliere  is  often  no  great  pain  felt 
immediately ;  but  fcon  after,  when 
the  overlhetched  parts  begin  to  fwell 
and  inflame,  a  confiderable  pain  enfues, 
which  is  greatly  increafed  if  the  joint 
be  moved.  Does  not  the  pain  in  this 
cafe  proceed  chiefly  from  the  over- 
flretched  ligaments  or  tendons  ?  It- 
will  be  hard  to  perfaade  phyficians, 
that  it  is  owing  to  any  hurt  received 
by  the  fldn  or  fubcutaneous  nerves. 
And,  if  the  ligaments  or  tendons  may 
be  affeded  with  pain  from  being  too 
much  ftretched,  v/hy  may  they  not 
be  the  principal  feat  of  that  pain 
which  aifeds  the  joints  of  gouty  pa- 
tients i 

Chalk- 
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Chalk-stones  in  a  joint  fre- 
quently give  iharp  pain  before  they 
pierce  the  capiular  ligament,  and  be- 
fore the  fkin  is  much  Itretched  or  red* 
Further,  without  allowing  feniibility 
to  the  ligaments,  let  any  one  try  to 
explain  what  my  ingenious  friend  Mr. 
Monroy  and,  1  dare  fay,  many  others, 
have  oftener  than  once  (ttn  in 
pra(^tice»  A  pea-iifue,  for  a  dropfy  of 
the  knee,  put  in  with  a  cauflic  or  a 
knife,  and  drtlfcd  with  the  pea  a 
conliderable  time,  created  little  unea- 
finefs  to  the  patient  5  but,  after  a 
pundture  of  a  lancet,  made,  very  near 
to  where  the  ilTue  w^as,  thro'  the  capfu-^ 
la  of  the  joint  to  let  out  the  water, 
moll  rackmg  pain  and  inflammation 
enfued,  which  brought  the  patient  to 
the  brink  of  the  grave. 

3.  Our  author  is  of  opinion,  that 
the  infenfible  dura  mater  cannot  be  the 
feat  ©f  a  headach  or  phrenitis.  But 
how  little  fenfjble  foever  t})is  mem« 
brane  may  be  in  a  natural  Hate,  yet,  if 

it 
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it  may  be  affev.T;ed  with  pain,  as  often 
as  it  is  inflamed  or  obitruded,  it  may 
flill  be,  in  many  caies,  the  (eat  of  tbcfe 
difeafes.  In  patients  who  have  died 
oi  2i  ph  en  tis^  thQ  dura  and /)/^  mater ^ 
as  well  as  the  cortical  fubllance  of  the 
brain,  have  been  found  inflamed,  fup- 
purated,  and  mortified  ;  and  in  tJjofe 
who,  after  recovering  once  and  again 
of  a  phremtis^  have  died  of  other  dif- 
eafes,  the  dura  and  pia  mater  liave 
been  found  much  thicker  and  harder 
than  ufuaL  * 

As  the  headach  generally  attending 
fevers  often  begins  fever al  days  before  a- 
ny  figns  of  a  delirium  appear,  we  cannot 
afcribe  ittoanobltruction  in  the  cortical 
part  of  the  brain,  but  in  the  dura  or  pia 
mater.  Nor  can  this  headach  have  its 
feat  in  the  exterior  teguments  of  the 
fkull  ;  otherwoys,  the  pain  would  be  in- 
creafed  by  preiling  the  part  chiefly 
affe^fled,  as  often  happens  in  thofe  pe- 
riodical headachs  which  feem  to  have 

their 

*  Van.  Swieten  comment,  yol.  z.  p.  ^04. 
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their  feat  in  the  fubcutaneous  nerves, 
or  pericranium* 

4.  Lastly,  Dr.  Haller  thinks,  that 
the  intercoflal  mufcles,  or  large  nerves 
running  between  the  ribs,  are  the  feat 
of  the  pain  of  the  pleurify,  and  not  the 
pleura  itfelf,  which  is  infenlible.  But, 
if  this  membrane,  notwithllanding  its 
fmall  degree  of  fenfibihty  in  a  found 
ftate,  may  be  aiFefed  with  great  pain, 
when  inflamed;  it  will  hardly  be 
doubted  that  it  is  fometimes  the  feat  of 
the  pleurify :  iince,  in  patients  who 
have  died  of  this  difeafe,  the  pleura  has 
been  found  inflamed  and  fuppurated  *- 

But,  beiides  the  infeniibility  of  the 
pleura^  Dr.  Haller  has  brought  another 
very  plaufible  argument  to  prove,  that 
the  pleurify  can  never  have  its  feat  in 
this  membrane ;  viz.  the  patient's  feel- 
ing the  greatefl  pain  in  infpiration 
when  the  ribs  are  brought  nearer  each 
other,  and  confequently  when  the  pleu- 
ra is  lefs  upon  the  ftretch  than  it  was 
M  in 

*  Van  Swieten  comment,  vol  3.  p.  8, 
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in  time  of  exfpiration.   Bat  theDodor 
has  long  ago  very  jnltly  obferved,   tliat 
ordinary  and  gentle  inlpiration  in  men, 
is  chiefly  performed  by  the  diaphragm, 
v/hile  the  intercoftal  mufcles  are  fcarce 
employed  at  all  * :     wherefore,   in  in- 
fpiration,  which  pleuritic  patients  per- 
form with  great  caution,   the  ribs  may 
be  fuppofcd  to  alter  their  fituation  ve- 
ry little  t ;  but,  as  the  inferior  part  of 
the  pleura  muft  be  fomewhat  flretched 
by  the  defcent  of  the  diaphragm  in  in- 
fpiration,    it   is  no  wonder   the  pain 
iliould  be,  then,  moll  acute. 

In 

*  Praeled.  in  inllitut.  med.  Boerhaav.  vol. 
Jv.  No.  615.  not.  {a). 

f  It  is  fomewhat  furprifing,  that  our  learn- 
ed author  fliould  have  mentioned  the  approach 
of  the  ribs  in  infpiration,  as  an  argument  to 
prove,  that  the  pleurify  never  has  its  feat  in  the 
pleura  ;  after  having  formerly  told  us,  that  pleu- 
ritic patients  don't  ufe  the  intercoftal  mufcles  at 
^I,  but  breathe  by  means  of  the  diaphragm  a- 
lonc.  Praeled.  in  inllitut.  med.  Boerhaav. 
Vol.  iv.  No.  61 5.  not.  faj,  &  No.  619.  not.  f  r^. 
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In  women,  efpecially  fach  as  ate 
pregnant,  who  ufe  the  intercoftal  mu- 
Icles  more  in  ordmary  infpiration  than 
men,  the  pleura  will  be  more  ilretched 
at  that  time  than  during  exfpiration  5 
becaufe  the  cavity  of  the  thorax  is  in- 
creafed  in  widenefs  and  depth,  as  welt 
as  length. 

With  regard  to  what  the  Dodlor 
fays  of  the  ribs  approaching  each  other 
in  infpiration  ;  tho'  this  is  certainly 
true  of  the  faperior  ribs,  yet  1  have 
fome  doubt,  whether  ir  be  fo  in-  the  in- 
ferior ones :  for,  in  a  very  full  infpira- 
tion, I  can  with  my  fingers  plainly  feel 
the  fix  or  feven  inferior  ribs  recede 
from  each  other,  and  approach  again  in. 
the  fucceeding  exfpiration  *.  Where- 
fore it  mud  appear,  that  the  increafe 
M  2  of 

*  The  reafon  why  rot  only  the  falfe  ribs,  but 
alfo  fome  of  the  true  ones,  rather  recede  from 
than  approach  each  other  in  infpiration,  may  be 
underflood  from  what  is  briefly  faid  concerning 
the  motions  of  the  tbora.x,  by  Mr.  Monro,  in  his 
anatomy  of  the  bones,  edit.  5.  p.  242. 
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of  the  pleuritic  pain  in  time  of  infpira- 
tion  can  be  no  proof,  that  the  difeafe 
has  not  its  feat  fomc times  in  xhcpleura^ 

Upon  the  whole,  altho''  Dr.  Haller^s 
experiments  fnew,  that  feveral  parts  of 
animals  are  pofleiTed  of  a  more  obfcure 
degree  of  feeling  than  has  been  com- 
monly imagined ;  yet  it  is  hoped,  the 
reader  will,  after  weighing  what  has 
been  faid,  be  far  from  pronouncing 
them  altogether  infeniible,  or  condemn- 
ing the  uniform  opinion  of  phyficians 
in  all  ages,  concerning  the  parts  which 
are  aifeded  in  many  difeafes,  and,  in- 
ftead  of  it,  embracing  a  dod:rine  which 
is  far  from  being  fufficiently  proved, 
and  may,  if  made  a  foundation  for  pra- 
dice,  be  of  fatal  confequence. 


PART 


PART      IL 

Of  Irritability. 

SECT.     L 

AL  THO'  many  of  the  parts  com* 
pofing  the  human  body  are  en- 
dowed with  a  conliderable  degree  of" 
elaflicity,  v/hereby  they  reftore  them- 
felves  v/hen  overflretched  ;  yet  mufcu» 
lar  fibres  alone  are  poflelTed  of  a  pro= 
per  contradlile  power,  which  is  exert- 
ed, in  confeqiience  either  of  an  effort  of 
the  will,  or  of  fome  Jiimulus  applied  to 
them,  or  their  nerves  :  by  the  former, 
voluntary  motion  is  produced ;  by  the 
latter,  involuntary*.  The  learned 
Dr.  Haller^  who  chufes  to  call  the  con- 
tradlile power  of  irritated  mufcles  by- 
the  name  of  Irritability^  has,  by  a  va- 
M  3  riety 

*  Vid.  an  EiTay  on  the  vital  motions^  ^c^. 
fe<£l,  i,  and  x. 
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riety  of  curious  experiments  upon  li- 
ving animals,  fliewn,  that  it  is  a  pro- 
perty of  all  mafcalar  fibres  ;  and  that 
no  part,  which  is  not  mufcular,  is  ir- 
ritable, altho',  of  the  mufcular  parts, 
fome  are  more,  and  others  lefs,  fenfible 
of  irritation.  But  when,  in  his  enu- 
meration of  the  parts  of  the  body  that 
are  or  are  not  irritable,  he  allows  irrita- 
bility to  the  lad:eal  veins, -mucous  glands, 
and  finafes,and  yet  denies  it  wholly  to 
the  kidneys  and  ureters,  and  almoli 
wholly  to  the  arteries,  veins,  and  ex- 
cretory duels  of  the  glands,  we  cannot 
help  differing  greatly  from  him :  Unce 
thefe  lafl  parts  are,  at  leafl,  as  much 
mufcular  as  the  former  ;  and  fince  the 
Doctor's  experiments  on  living  and  dy- 
ing animals,  iliew  neither  the  one  nor 
the  other  to  be  irritable  *. 

That  the  fmall  arteries  are  not  de- 
ftitute  of  irritability,  may  be  demon- 
Itratcd  by  undoubted  experiments. 
Thus,  when   an  acrid  cataplafm  is  ap- 

plied 
■*  A6i.  Gottingenf.  vol.  2.  p.  139 143. 
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plied  to  the  fldn,  or  fpirit  of  wine  to 
the  eye,  Whence  proceeds  the  inflam- 
mation which  is  foon  produced  in  the 
fkin,  and  almoft  inftantly  in  the  eye  ? 
Not,  lurely,  from  any  increafed  force  of 
the  heart  or  larger  arteries,  but  from  the 
irritated  velTels  themfelves,  which  are 
agitated  with  ftrong  alternate  vibra- 
tory contraiflions ;  by  means  of  which 
the  moment  of  the  blood  in  them  is 
greatly  increafed,  and  red  globules  are 
pulhed  into  thofe  vefTels  which,  in  a 
found  ftate,  only  receive  ferum  or 
lymph. 

Nor  can  we  conclude  that  the  ar- 
teries aredeflitute  of  irritability,  be- 
caufe  the  aorta  was  not  obferved  to 
contract  itfelf  when  pricked  with  a 
iharp  infl'rument,  or  touched  with  acrid 
liquors  *  ;  fince  the  fame  is  true  of  the 
mucous  glands  and  finufes,  which  yet 
our  author  allows  to  be  irritable  f .  And 
it    is   not  improbable,    that  the  fmall 

capillary 

*  A(5l.  Gottingenf.  vol  2.  p.  141, 

t  Id.  p.  145. 
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capillary  arteries  may  be  more  irritable 
than  the  aorta  or  larger  ones ;  becaufe 
their  mufcular  coat,  as  it  is  called,  is 
much  lefs  firm  and  tendinous. 

Farther,  Dr.  Haller  reckons  the 
lacfteal  veins  irritable,  becaufe,  after 
death,  they  contradt  themfelvesfoasto 
expell  the  chyle  and  become  invifible ;  * 
but  do  not  all  the  arteries  of  the  body, 
fmall  as  well  as  great,  alfo  contract 
themfelves  after  death,  and  pufli  moil 
of  their  blood  forward  into  the  veins  ? 
And  is  not  this  coard:ation  of  the  la- 
d'eals  owing  more  to  the  elafticity  of 
their  coats  now  increafed  by  cold,  than 
to  a  proper  mufcular  contraction . 
However,  if  the  ladleals  be  irritable,  as 
is,  I  think,  very  probable,  tho'  for  o- 
ther  reafons  than  the  one  now  menti- 
oned ;  it  will  follow  that  the  lymphatic 
and  other  veflels  of  the  body  are  fo 
likewife ;  for  the  ladeals  are  only  a 
kind  of  lymphatic  veins  arifing  from 
the  villous  coat  of  the  guts,  which,  on 

account 

*  Adl.  Getting,  vol.2,  p.  14Z. 
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account  of  the  colour  of  their  fluid, 
have  got  the  name  of  la^eaL  Nor 
have  we  any  reafon,  from  their  mufcu- 
lar  llruclure,  to  afcribe  irritabihty  to 
the  lad:eals  and  thoracic  dud,  more  than 
to  the  other  vefTels  of  the  body. 

With  regard  to  the  veins,  I  fhall 
only  obferve  that,  fince  the  alternate 
contractions  of  the  trunks  of  the  ven^e 
cava  near  the  heart,  fhew  them  to  be 
poiTeiTed  of  a  remarkable  degree  of  ir- 
ritabihty ;  it  is  not  probable  that  the 
other  veins  are  wholly  deftitute  of  it. 
I  know  that  Dr.  Haller  denies  any  pro- 
per motion  to  the  cava^  and  afcribes  its 
feeming  alternate  dilatation  to  the  blood 
puflied  back  into  it  by  the  contracting 
auricle  *.  But,  if  this  were  true,  how 
could  the  cava  contrad  five  or  fix 
times  before  the  right  auricle  performed 
fo  much  as  one  pulfation,  as  Steno  has 
obferved  in  rabbits  -f  \  or  how  could 
it  poilibly  continue  its  alternate  motions, 

not 

*  Primas  linese  phyflolog.  2.  edit.  No.  cxiii, 
t  Bartholin,  epili  med.  cent.  iv^.  p.  iji« 
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not  only  for  a  confiderable  time  after 
the  right  auricle  had  ceafed  to  move  ^^ 
but  even  after  the  heart,  together  with 
this  auricle,  was  intirelyfeparated  from 
itf.^  Thefe  facts  fhew  fo  clearly  that 
the  motions  of  the  ven^  cav<e  do  not 
proceed  from  the  alternate  contractions 
of  the  right  auricle,  as  to  make  any 
farther  obfervations  on  our  karned 
author's  miftake,  as  to  this  matter, 
altogether  needlefs. 

Does  not  the  fud den  flow  of  pale 
urine  in  hifleric  cafes,  and  the  increafed 
derivation  of  Jaliva  into  the  mouth  of 
a  hungry  perfon  from  the  talle  or  even 
the  fight  of  grateful  food,  fliew  that 
the  fecerning  veflels  of  the  kidneys  and 
excretory  dudls  of  the  falivary  glands 
are,  in  fuch  cafes,  agitated  with  an  un- 
ufual  ofcillatory  motion,  and  confe- 
quently  not   dellitute  of   irritability? 

Nor 

*  Bartholin,    epifl.    cent.  iv.   p.   no.    and 

Effay  on  vital  and  involuntary  motions,  p.  354. 
t  Walaeus  de   motu  lang.  ad.  lin.  anatom. 
Bartholin,  p.  783. 
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Nor  ought   Dr.  Halkr  to  have  denied 
this  power  to  the  velTels  of  the  kidneys 
and  excretory  du6ls  of  the  glands :  lince 
he  allows  it  to  the  lacrymal  glands  and 
mucous  finufes,  becaufe  they  pour  forth 
their   fluids  more  copioufly  when  fti- 
mulated;  altho' his  experiments  difco- 
vered  no  iigns  of  irritability  in  them*. 
When  a  flone  palTes/rom   the  kid- 
neys to  the  bladder,  does  not  the  irri- 
tation of  the  iharp  flone  occafion  fome 
kind  of  fpafmodic  contradlion  in   the 
ureter 'j  and   does  not    a  large  dofe  of 
opium  facilitate    its  paiTage,  by  abating 
or  deflroying  the  painful  feeUng,  and 
confequently  leiTening  the  conftridion 
of  the  ureter?  This   canal,  therefore, 
feems  to  be  poiTelTed  of  fome  kind  of 
irritability,  notwithflanding.  Dr.  Haller 
tells  us,  it  was^     in   the    animals   he 
opened,  infenfible  oithQjhmulus  of  oil 
of  vitriol  -f* 

*  Aa.  Getting,  vol.  2.  p.  143. 
t  Getting.  Adi,  vol.  2.  p.  142. 
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If  our  author's  experiments  difco- 
vered  no  kind  of  irritability  in  the 
blood- velTe Is,  ladeals,  glands  and  mu- 
cous finufes,  it  will  not  follow  that  the 
iris  is  dellitute  of  this  power,  altho'  it 
did  not  appear  to  contract  when  irrita- 
ted with  a  knife*. 

The  Doctor  adds,  that  the  dilatation 
of  the  pupil  cannot  be  owing  to  any 
mufcular  power  becaufe  it  becomes 
wideft  at  death  or  immediately  after 
it  -f .  I  have  elfewhere  obferved  that 
the  dilatation  of  the  pupil  is  owing  to 
the  longitudinal  fibres  of  the  uvea^ 
which  by  their  natural  contractility  re- 
traift  its  edges,  when  the  orbicular 
mufcle  is  not  excited  into  contradion 
by  the  adtion  of  light  on  the  retina  J;  at 
death,  therefore,  when  the  eye  becomes 
infenfible,  the  pupil  muft  be  very  wide; 
but,  fometime  after  death,  as  the  ac- 
curate IVinJlow  has  always  obferved  j|, 

and 
*  A£l.  Gottlng.  vol.  2.  p.  143.         f  Ibid. 
X  EfTay  on  vital  motions,  fed.  vii. 
II  Memoires  acad.  des  fciences   172 1,  edit. 
8vo.  p.  416. 
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and  I  have  alfo  feen,  the  pupil  becomes 
narrower,  becaufe  the  longitudiiidl 
fibres  of  the  uvea  lofe  their  tone,  be- 
come flabby,  and  are  elongated.  Nor 
does  Dr.  Halter  feem  to  have  attended 
to  what  is  faid  in  page  1 1 1 ,  and  129. 
of  my  Eflay  on  the  vital  motions  &c. 
when  he  mentions  the  dilatation  of  the 
pupil  at  death,  as  a  clear  proof  that  it 
is  not  owing  to  the  ccntradile  power 
of  the  fibres  of  the  uvea  ;  iince  this 
very  dilatation  of  the  pupil,  compared 
with  its  coar(flation  fome  time  after  death, 
demonltrates  the  truth  of  what  I  have 
advanced.  But,  after  all,  if  the  dila- 
tation of  the  pupil  be  not  owing  to  the 
elallicity  or  natural  contracftility  of  the 
radiated  fibres  of  the  'uica^  To  what 
caufe  can  it  be  afcribed  ?  For  'tis  pre- 
fumed,  our  author  has  given  up  his  no-, 
tion  of  the  aqueous  humour  prefling 
the  edges  of  the  pupil  outwards,  as  be- 
inp^  contrary  to  the  known  laws  of 
hydroftatics.  It  may  not,  however, 
be  improper  to  obferve  here,  that,  al- 
N  tho' 
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tho'  we  fliould  fuppofe  the  uvea  to  be, 
llrictly  fpeaking,  not  mufcular,  but 
only  a  cellular  membrane  ;  yet,  like  the 
dartos  of  the  fcrotum^  it  would,  by  its 
elaflicity,  retrad  the  edges  of  the  pupil 
as  foon  as  the  caufe  con  trailing  it  cea- 
fed  to  act.  And  altho%  at  the  time  of 
death,  the  pupil  would,  hence,  be  ren- 
dered very  large,  yet  fometime  after 
it,  when  this  cellular  fubllance  began 
to  lofe  its  elallic  power,  the  pupil 
would  become  narrower. 

Dr.  HalleVj  becaufe  he  cannot  difco- 
ver  any  orbicular  niafcle  furrounding 
the  edge  of  the  pupil,  concludes  there 
is  none;  and  afcribes  the  contratflion  of 
this  part  to  a  ilronger  iniiux  of  fluids 
into  the  fmaller  veffels  of  the  uvea^  oc- 
calioned  hy  the  fiimulus  of  light  ading 
upon  it.  The  infufficiency  of  this  hy- 
pothefis  we  have  iliewn  elfc where  * ;  and 
Ihail  only  add,  that,  as  we  conclude 
from  the  various  motions  of  many  of 
the  fmdler  infcds,    that  they  are,  as 

well 

^  Efiay  on  Vital  motions,  p.  127,  dffc 
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well  as  larger  animals,  endowed  with 
mnfcles,  tho'  we  can  neither  demon- 
ilrate  thefe  initruments  of  motion  by 
the  anatomical  knife,  nor  by  the  afli- 
ftance  of  the  mxicrofcope  ;  lo  wl  may 
infer  the  exilience  of  the  orbicular 
mufcle  of  the  uzea  from  the  regular 
motions  of  the  pupil,  altho'  its  texture 
may  be  fo  delicate,  as  fcarcely  to  be  di- 
flinguiihed  by  the  anatomiil  from  a 
denfe  cellular  membrane. 

But,  to  return  ;  there  are  fomx  o- 
ther  things  advanced  by  our  learned 
author,  in  his  account  of  the  irritable 
parts  of  the  body,  which,  tho'  not  fa- 
tisfadory,  we  fliall  pafs  over  *;  and 
proceed  to  confider  v/hat  he  has  offer- 
ed concerning  the  nature  of  irritability. 
N  2.  SECT. 

*  Dr.  Haikr  lias  reprefented  me  as  faying. 
That  the  contradlion  of  every  mufcle  of  the 
body  is  interrupted  with  alternate  relaxati- 
ons [a)  :  whereas  in  p.  20,  257,  260  and  26 1> 
of  my  EfTay  on  the  vital  motions,  I  have  ex- 
prefsly  excepted  the  fphinSier  fupi//^,m\i(d.esc£ 

the 

CciJ  Ad.  Getting,  vol.  2.  p.  i4S- 
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SECT.     II. 

In  my  EiTay  on  the  vital  and  invo- 
luntary motions  of  animals,  I  had  en- 
deavoured to  iliew,  that  jiimuli  applied 
to  the  mufcles  of  animals  excited  them 

into 

t>ie  internal  ear,  and  fome  otkers,  whofe  con- 
traction is  owing  to  2i  fUinulm  adling  on  fome 
neiglibouring  or  diftant  part.  I  have  indeed 
afHrmed,  That  thofe  mufcles  to  whofe  fibres  a 
Jtnnuliis  is  immediately  applied,  are  always  agi- 
tated with  alternate  conti-aAions  and  relaxati- 
ons y  nor  do  I  know  of  one  example  to  the  con- 
trary. 'Tis  true.  Dr.  Haller  has  told  us. 
That  the  bladder  of  urine  is  an  exception 
from  this  rule ;  for,  when  it  is  prick 'd  with  a 
knife,  in  a  dog  half-dead,  it  contrails  itfelf, 
uniformly  without  any  alternate  relaxations, 
and  expells  the  urine :  {a)  But,  fmce  Wepferns 
has  obferved,  that  the  bladder  fometimes  con- 
trails, of  its  own  accord,  after  death,  and  ex- 
pells the  urine  ;  it  feems  probable  that,  in  our 
author's  experiments,  the  contraflion  of  the 
bladder  and  expulfion  of  the  urine  were  owing 
more    to  the  elaHicity  of  its  coats,  than  to  any 

proper 
(a)  A(fl.  Getting,  vol.  x.  p.  142.  and  145-. 
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into  contradion,  by  producing  an  un- 
eafy  feeling  in  them  or  tlieir  nerves : 
but  Dr.  Haller^  who  thinks  irritability 
an  innate  property  of  mufcular  fibres, 
N  3  contends^ 

proper  mufcular  a£liori.  He  ov/ns  it  only 
fucceeded  feme  times,  /,  e,  we  may  fuppofe, 
when  the  impu'fe  communicated  to  the  bladder 
by  pricking  it,  together  with  its  own  elafdc 
power,  now  increafed  by  the  difcailion  of  its 
coats,  were  fuihcient  to  dilate  t\ie  fphin(^er  and 
open  a  pafTage,  for  the  urine,  into  the  urethra  % 
after  which,  the  bladder  would,  merely  by  its 
elaflicity,  expel  this  fluid,  and  reduce  itfelf  to  its 
fmallell  bulk.  And  is  it  not  to  be  prefurned, 
when  the  bladder  contrails  of  its  own  accord 
after  death  and  expells  the  urine,  that  this  msy 
be  owing  to  the  weight  of  the  urin«  in  certain 
fituations  dilating  the  Jphincier  ;  and  to  the 
cold  which,  by  its  confiringing  power,  may 
perhaps  increafe  the  contradility  of  the  bladdery 
while  its  fphinder,  like  all  the  other  true  muf- 
cles  of  the  body,  is  weakened  and  relaxed?  In 
dead  animals  v/hofe  abdomen  is  not  opened,  the 
bladder  may  be  fo  preiTed  by  the  guts,  which 
are  generally  much  inflated  after  death,  as  to- 
occaiion  the  expulHon  of  the  urine. 

But 
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contends,  that  it  does  not  depend  upon 
the  nerves,  and  has  no  connexion  with 
fenfibihty. 

I.  Because 


But  further,  Dr.  UaUer  muft,  in  order  to  be 
confiflent  with  himfejf,  give  up- his  imlance  of 
the  bladder  \  for  he  tells  us  ( A61.  Gotting.  vol. 
^  P*  J  39?  ^nd  144.)?  That  all  mufcles,  not  fo 
much  as  one  excepted,  that  he  knows  of,  tremble 
and  palpitate  after  death,  and  are  alternately 
contrafled  and  relaxed  :  if  therefore  the  blad- 
der of  urine  does  not,  when  Himulated,  con- 
tract in  this  manner,  it  will  follov/  that  it  is  not 
truly  mufcular. 

Add  to  this,  that,  if  the  uniform  contraftion 
of  the  bladder  be  a  fufficient  proof  of  its  muf- 
cular llrudlure,  v/e  muft  allow  the  dartos  or  cel- 
lular membrane  of  ihefcrotum  to  be  mufcular 
alfo  ;  for  it  contrails  uniformly  and  furls  up  the 
fcrotum,  when  cold  water  and  allringent  or 
acrid  liquors  are  applied  to  it,  or  when  the  fkin 
of  the  fcrotum  is  gently  irritated  by  titillation. 
Upon  the  whole  therefore,  it  feems  probable 
that  the  contradicn  obferved  by  Dr.  Haller'm 
the  bladder  of  urine,  was  not  of  the  true  muf- 
cular kind.  But,  altho',  from  our  learned  au- 
thor's experiments,  one  might  be  apt  to  conclude^ 

that 
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1 .  Because  the  m oft  fenfible  parts, 
fucli  as  the  nerves  and  lldn,  are  not 
irritable*. 

2.  Because  the  irritabiUty  of  our 
organs  is  not  obferved  to  be  in  propor- 
tion  to  their  feniibility  +.     And 

3.  Because  parts  deilitute  of  feel- 
ing are  irritable  J. 

With  regard  to  the  firfl  of  thefe  - 
fince  mufcles  are  the  only  organs  of 
the  body,  which,  by  their  particular 
fabric,  are  fitted  for  motion,  it  is  fo 
far  from  being  a  wonderful  difcovery,, 
as  our  author  feems  to  think,  That 
the  nerves  are  deilitute  of  irritability 5, 
that  it  is  only  a  nccelTary  confequence. 
of  their  make ;  for  a  power  of  con- 
tracflion  does  not  depend  on  fenfibility 

alone, 

that  the  bladder  itfelf  is  not  truly  mufcular,  yet 
its7^/^z«i5^r  partakes  undoubtedly  of  this  nature  | 
ilnce,  when  irritated,  it  is  agitated  with  alternate 
contraclions  and  relaxations. 

*  A61.  Gotting.  yol.  2.  p.  134. 

t  Id.  p.  13.6.  t  Id,  p.  134. 
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alone,   but  upon  this    in  conjunclion 
with  a  particular  ftruclure. 

The  proper  anfvver  therefore  to 
this  firfi:  argument,  is.  That,  attho^ 
irritability  ahva3^s  infers  fome  degree 
of  fenfibility,  yet  fenfibility  does  not 
infer  irritability,  unlefs  the  part  be,  by 
its  peculiar  fabric,  fitted  for  motion, 
z.  e.  in  other  words,  unlefs  ir  be  what 
we  call  mufcular. 

Altho'  the  fkin  is  not  irritable  in 
the  fame  fenfe  that  the  mufcles  are,  yet 
the  inflammation  and  pain  raifed  in  it 
by  bliflers  and  other  acrid  applications 
lliew,  that  it  is  very  readily  fretted  or 
irritated  hj Jiimuli,  The  fKin,  when 
flimulated,  is  not  brought  into  alter- 
nate contradions,  becaufe  it  is  not  by 
its  flrudure  made  capable  of  this  kind 
of  motion;  but  it  becomes  red,  is  in- 
flamed, and  pours  forth  its  liquors  fa 
copioufly,  as  to  feparate  the  Icarffldn, 
and  raife  it  in  the  form  of  a  blad- 
der filled  with  water,  becaufe,  the 
fmall  veflcls,  of  which  it  is  in  a  great 

meafure 
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meafure  compofed,  partake  of  a  mufcu- 
lar  nature,  and  are,  like  the  larger 
mufcles,  excited  into  alternate  contra- 
ctions by  ftimuli. 

Further,  the  dartos  or  cellular 
membrane  of  the  fcrotum  is  contracted 
uniformly,  when  expofed  to  the  cold 
air  or  oihtx  ftimuli '^  and  the  lldn,  from 
the  application  of  cold  air  or  water, 
feems  likewife  to  fuffer  fome  kind  of 
contradlion,  by  which  means  it  is  raifed 
into  tubercles  refembling  the  flcin  of  a 
goofe.  When  cold  water  is  fuddenly, 
and  without  one's  knowledge,  applied 
to  a  part  of  the  body  that  is  warm^ 
there  is  excited  inflantly  a  kind  of 
fiiivering  which  fpreads  over  the  whole 
body ;  and  not  only  the  pores  of  that 
part  to  which  the  cold  water  was  ap- 
plied, but  alfo  of  the  whole  body,  are 
conflridled.  Do  not  thefe  examples 
jQiew  that  the  dartos  and  fkin  are  affe- 
ded  by  ftimuli^  and  confequently  irri* 
table,  tho'  not  in  the  fame  fenfe  that 
the    mufcles  are?     The  irritability  of 

the 


154       PHYSIOLOGICAL 

the  parts  of  the  human  body  therefore, 
may  perhaps  be  not  improperly  ditlin- 
guilhed  into  three  kinds:  viz.  That 
power  of  alternate  contraction,  which 
is  peculiar  to  thofe  organs,  we  call 
mufcles;  that  uniform  conflricliori 
which  happens  to  the  dartcs  and  pores 
of  the  fkin ;  and  that  rednefs  and  in- 
flammation which  is  excited  in  every 
part  of  the  body  that  is  fenfible,  as 
often  as  acrid  things  are  applied  to  it; 
altho*  indeed  this  laft  is  only  an  eifecl 
of  the  iirfl:  kind  of  irritability  in  the 
fmall  velTels  of  the  parts. 

As  to  the  fecond  argument,  viz. 
That  irritability  is  not  obferved  to  be 
in  proportion  to  fenfiblHty,  our  author 
has  been,  very  unlucky;  lince  an  in- 
flammation of  any  irritable  organ, 
which  increafes  its  fenfibihty,  is  always 
obferved  to  make  it  more  irritable,  as 
will  be  fhewn  afterwards  by  a  variety 
of  examples.  The  Dr.  however,  in 
proof  of  his  afTertion,  tells  us,  that  the 
ftomach  is  more  fenfible  than  the  in- 

tellincs, 
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teftines,  and  yet  lefs  irritable;  and  that 
the  heart  itfelf  is  endowed  with  no 
acute  feeHng,  and,  when  touched  in  a 
living  perfon,  occaiions  fainting  rather 
than  pain*. 

The  llomach  has  a  particular  feeling 
whereby  it  is  very  difagreeably  affe- 
died  by  things,  that,  as  far  as  we  can 
judge  by  our  talte  or  fmell,  have  very 
little  acrimony :  it  is  the  principal 
feat  of  hunger ;  and,  as  it  is  affected 
with  a  more  difagreeable  fenfation, 
when  we  have  wanted  food  for  any 
coniiderable  time,  than  the  guts,  fo 
likewife  it  is  more  fenfible  of  an  agree- 
able feeling  from  grateful  food ;  and 
in  thefe  refpeds,  it  may  be  faid  to  be 
more  fenfible  than  the  inteflines.  But, 
notwithllanding  this,  the  inteflines 
feem  to  be  as  fufceptible  of  pain  as  the 
flomach^  or  indeed  any  other  organ  of 
the  body:  an  inflammation  in  them 
is  as  painful,  if  not  more  fo,  than  in  the 
ilomach;  and  jalap, /^/^^^^  and  other 

fmart 

*  Aa.  Getting,  vol.  2.  p.  136. 
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fmart  purgatives,  which  fcldom  occai^on 
any  pain  in  the  Itomach,  often  alFect 
the  guts  with  fevere  gripings. 

With  regard  to  the  heart  ;  Dr. 
Harvey  feems  too  haflily  to  have  con- 
cluded it  to  be  void  of  feeHng,  be- 
caufe  the  young  Nobleman,  whofe 
heart  he  touched,  fcarce  felt  any  thing 
at  all :  for,  what  this  great  man  pat  his 
fingers  to,  was  not  the  fubftance  of  the 
heart  itfelf,  but  an  infenfibie  callus^ 
or  fungous  fLefli  covering  and  defend- 
ing it.  The  truth  of  the  matter  is, 
that,  as  the  fldn,  altho'  one  of  the  mofl 
fenfible  parts  of  the  body,  feels  no  pain 
from  a  flight  preflure  or  attrition,  be- 
caufe  it  is  defended  by  the  infenfibie 
epidermis  j  fo  the  heart,  when  gently 
touched,  feels  little,  becauie  it  is 
covered  with  the-  inner  lamina  of  the 
pericardium^  which,  like  otlier  mem- 
branes of  the  body,  has  but  a  fmall  de- 
gree of  fenlibihty  *.  In  hke  manner, 
the  external  furface  of  the  intelfines  is 

rendered 

*  A<a.  Getting.  voL  2.  p.  130. 
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rendered   lefs   fenfible    than   it   would 
otherwife  be,   by  their  being  involved 
in    the    merentery  3    and  hence  it  is, 
that  the  woman  mentioned  by  Fey  ems 
felt  no  pain  when  her  inteflines  were 
handled  by  him  and  Wepferus  *.     But, 
altho'  the  outer  furface   of  the  heart 
and  inteilines  may  have  no  great  de  - 
gree    of  feniibiHty,    it  will  not  thence 
follow,     that    their    internal    furface, 
where  the  \ra.i\xx^\  ftimuli  exciting  their 
motions   ad  upon  them,    is   not    en- 
dowed with  a  more  exquifite  feeling: 
nay  the  contrary  is  highly  probable,  if 
not  altogether  certain.      Doctor  Haller 
himfelf  has  obferved^   that  the  heart  is 
much  more  aifedled  in  animals  dying, 
or  newly  dead,  by  the  gentle  jlimulus 
of  warm  water   or  air  puHied  into  its 
ventricles,  than  by  applying  the  mofb 
acrid  liquors  to  its  external  furface,  or 
even  pricking  it  with  the  point  of  a 
knife  t;  and  it   will   appear  from  an 
O  experiment 

a. 

*  Parerg.  anatom.  exercitat.  x.  cap.  iv.    • 
t  Ait,  Getting,  vol.  I. 
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experiment  to  be  mentioned  after- 
wards, that,  in  fonie  cafes,  thtjlimulus 
of  the  blood  within  the  cavities  of  the 
heart  will  excite  a  tremulous  motion  in 
.this  organ,  when  oil  of  vitriol  applied 
to  its  external  furface  has  not  the  lead 
eifccl  this  way. 

With  regard  to  the  comparative 
feniibility  and  irritability  of  the  heart 
and  intellines,  it  is  not  eafy  to  fay 
any  thing  certain,  nor  is  this  needful ; 
flnce  from  our  author's  experiments  it 
does  not  appear  clearly,  whether  the 
heart  or  inteftines  are  moll  irritable  *. 
The  motions  of  the  heart  are  indeed 
ilronger  and  more  frequently  repeated; 
but  thofe  of  the  inteftines  continue,  in 
many  animals,  as  long,  if  not  longer, 
after  death. 

As  for  our  author's  third  argument, 
mz,  that  parts  deftitute  of  feeling  are 
irritable  5  there  is  not  fo  much  as  one 
inftance  given,  nor  indeed  can  be  given 

of 

*A6l.  Getting,  vol.  2.  p.  147. 


ESSAYS.  159 

of  a  part  being  irritable  that  is  natural- 
ly infenfible  and  deitkute  of  nerves  *  : 
but  what  he  thinks  equivalent  to  this, 
is,  that  mufcles  continue  to  be  irritable, 
not  only  for  fometime  after  their 
nerves  have  been  tied  or  cut,  and  fo  all 
communication  between  them  and  the 
brain  intercepted  ;  but  alfo  after  they 
have  been  intirely  feparated  from  the 
body.  And,  indeed,  it  mull  be  own- 
ed, there  is  a  great  deal  of  (eeming^ 
v/eight  in  this  argument :  but  that  it 
is,  neverthelefs,  inconclufive,  has  been 
already  ihewn  in  the  laii:  feclion  of  my 
EJfay  on  the  vital  and  other  involuntary 
O  2  motions^ 

*  Our  author  indeed  mentions,  upon  the  s.\jl- 
thonty  of  Luf^Jias,  the  fecundines  and  membranes 
of  the  o<vum  as  irritable,  and  yet  d  eftitute  of 
nerves.  But,  if  irritability,  as  he  himfelf  al- 
lows, be  a  property  of  mufcular  fibres  alone,  it 
will  follow,  that  the  membranes  of  the  o'^!uw, 
which  are  not  mufcular,  cannot  be  irritable : 
but,  fuppofmg  they  were  both  one  and  the 
other,  it  is  not  a  clear  point,  that  they  may  not 
befupplied  with  final!  nervous  filaments  propa- 
gated to  them  by  means  of  the  navei-llring. 
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motions  of  animals  ;  and  will,  I  hope,  ap- 
pear ilill  more  fo  from  the  following 
confiderations. 

I.  Altho'  the  irritability  of  mu- 
fcles  continues,  in  a  fmali  degree,  for 
fome  time  after  their  nerves  are  tied  or 
otherwife  deftroyed ;  it  will  not  follow, 
as  our  author  thinks,  that  this  power 
does  not  depend  upon,  or  proceed 
from  the  nerves  :  for,  if  this  were  fo, 
one  would  exped:  that,  in  a  living  a- 
nimal,  where  the  mufcles  are  all  fup- 
plied  with  blood  by  the  arteries,  they 
Ihould  continue  to  preferve  their  power 
of  irritability,  not  only  for  a  few  mi- 
nutes, but  for  many  hours  and  days  af- 
ter their  nerves  have  been  tied  or  cut. 
Further,  if  the  irritability  of  the  mu- 
fcles were  not  owing,  fome  how,  to  the 
nerves  or  their  influence,  why  ihould  a 
fiimulus^  applied  to  the  nerves  or  me- 
dulla oblongata^  produce  fuch  remark- 
able convulfions  ? 

These  convulfions  cannot  be  owing 
£0  the  propulfion  of  any  fubtile  fluid  in 

the 
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the  nerves,  towards  the  mafcles  •,  fince, 
as  Dr.  Halter  and  others  have  obfer- 
ved*,  thefe  motions  follow  equally 
whether  a  nerve  going  to  any  mufcle 
is  llripped  upwards  or  downwards.  If 
they  were  owing  to  the  connexion  or 
vicinity  of  the  nerves  to  the  mufcles,^ 
one  would  exped;,  that  more  remark- 
able convulfions  fhould  follow  from  an 
irritation  of  the  tendons,  than  of  the 
nerves:  the  contrary  of  which,  how- 
ever is  true  ;  for,  while  the  irritation 
of  a  nerve  produces  ftronger  convul* 
five  motions  in  the  mufcles,  than  arife 
even  from  the  laceration  of  their  own 
fibres,  the  tendon,  however  pricked  or 
irritated,  produces  no  change  in  them  f. 
The  reafon  is  plain;  the  tendon  has 
little  or  no  feeling,  while  the  nerve  has 
a  very  acute  one. 

But  further,    it  ought  to  be  obfer- 

ved,   that  when,    after   decollation,    a 

frog's  fpinal  marrow  is  deftroyed  with 

a  red  hot  wire,    no  vifible  motion  is 

O   3  produced 

*  Aa.  Gotting,  vol.  2.  p.  136.     f  lb. p.  1^0, 
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produced  in  its  limbs,  or  body,  by 
pricking,  cutting,  or  otherwife  limting 
tJjem :  only,  when  the  fRin  of  the 
thighs  was  diiFcded  off,  and  the  mu- 
fcles  were  irritated,  their  fibres  were  a- 
■gitated  with  a  weak  alternate  tremu- 
lous motion.  Now,  as  the  llrong  con- 
vulfive  motions,  excited  by  irritation  in 
the  legs  and  trunk  of  the  body  of  a 
frog  after  decollation,  are  certainly  to 
be  afcribed  to  the  integrity  of  the  fpr- 
nal  marrow,  fince  they  ceafe  as  foon  as 
it  •  is  deilroycd ;  Is  it  not  highly  prcH 
bable,  that  the  weak  tremulous  motion 
in  the  irritated  mufcles  of  a  frog's 
thighs,  after  the  deilruclion  of  the  fpi- 
nal  marrow,  were  owing  to  the  influ- 
ence or  power  of  their  nerves,  which 
ftill  remained  intire  *  ?     It  feems  alfo 

to 

*  As  the  alternate  motions  of  the  heart,  in 
many  animals,  continue  for  a  long  time  after 
the  dellruftion  of  the  brain  and  fpinal  marrow  ; 
Is  it  not  probable,  that  its  nerves  are  fo  conlli- 
tuted  as  to  make  its  moving  power  lefs  depen- 
dent on  immediate  fupplies  from  the  brain  and 
fpinal  marrow,  than  that  of  the  voluntary 
anufcles? 
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to  deferve  particular  notice,  that,  af- 
ter the  dellruclion  of  the  fpinal  mar- 
row, altho'  the  fibres  of  fuch  mufcles  as 
were  irritated,  exhibited  a  weak  tre- 
mulous motion  ;  yet  there  was  no  fym- 
pathy  between  the  different  mufcles,  or 
other  parts  of  the  body,  as  was  obfer- 
ved  while  the  fpinal  marrow  was  in- 
tire  ;  from  whence  it  feems  to  follow, 
that  the  nerves  dlitributed  to  the  feve- 
ral  parts  of  the  body,  have  no  communi- 
cation but  at  their  termination  in  the 
brain  or  fpinal  marrow  ;  and  that  to 
this,  perhaps  alone,  is  owing  the  con- 
fen  t  or  fympathy  obferved  between 
them. 

Upon  the  whole  ;  the  weak  alter- 
nate motions,  produced  by  irritating 
mufcles  whofe  nerves  have  been  tied 
or  cut,  by  no  means  prove,  that  their 
irritable  power  is  independent  of  the 
nervous  influence:  they  only  fhew. 
That  thefe  motions  are  not  owing  to 
any  new  derivation  of  fpirits  from  the 
brain  into  the  mufcles  at  that  time  5  that 

the 
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the  pre  fence  of  the  nervous  influence 
in  its  fibres  is  only  requifite  3  and  that 
the  fpirits  remaining  in  the  nerves,  be- 
low the  ligature,  and  in  the  mufcular 
fibres,  may  be  fufficient  to  prefer ve  a 
certain  degree  of  irritability,  or  power 
of  motion  in  them,  forfome  little  time. 
Dr.  Haller  further  concludes  irritabi- 
lity to  be  independent  of  the  brain  and 
nerves ;  becaufe  the  fmalleft  infedls, 
which  have  no  head,  are  irritable  *  : 
but,  if  this  argument  was  good  for  any- 
thing, it  would  prove  fenfibility  and  vo- 
luntary motion  to  be  alfo  independent  of 
the  brain  and  nerves ;  for  the  fmalleft 
infects  feem  to  be  endowed  with  feel- 
ing, and  undoubtedly  perform  volunta- 
ry motions.  May  not  thefe  infers 
which  want  a  head,  have  fomething  to 
fupply  the  place  of  a  brain,  from  which 
ihe  nerves  may  take  their  rife  ?  Or  may 
not  the  nerves  be  fo  formed  in  them, 
as  to  be  fufficient  of  themfelves,  with- 
out a  brain,  for  the  purpofes  of  motion 

and 

*  Ad;.  Getting,  vol.  2.  p.  156. 
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and  fenfation  ?  Arguments  of  this  kind, 
which  are  drawn  from  our  ignorance 
of  the  true  flrudture  of  animals,  can  be 
of  no  v/eight. 

2.  Dodor  Haller^  while  he  denies 
feeling  to  the  dura  and  pa  mater ^  al- 
lows it  to  the  medullary  fubflance  of 
the  brain  *;  becaufe,  when  it  is  wound- 
ed, the  mufcles  of  the  body  are  con- 
vulfed  in  an  extraordinary  manner* 
Now,  if  the  fenfibility  of  the  medul» 
lary  part  of  the  brain  in  living  animals 
may  be  deduced  from  the  convuliive 
fnotions  which  enfue  upon  hurting  it : 
Are  we  not  (our  author  himfelf  being 
judge)  to  afcribe  feeling  to  the  brain^ 
even  in  animals  newly  killed;  fince  in 
thefe  the  motion  of  the  heart  is  re- 
newed by  irritating  the  medulla  oh* 
tongata^  and  the  whole  mufcles  of 
the  body  are  convulfed  by  difleding 
the  fpinai  marrow  f  f     And  altho',  in 

animals 

*  A(f!l.  Getting,  vol.  2.  p.  130.  et  134.  et 
primae  linae  Phyfiolog.   2d  edit.  p.  238. 
t  Kauu  jmpet.  faciens.  No.  330.  €1333. 
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animals  newly  dead,  the  convulfive 
motions  produced  by  irritating  the 
medulla  oblongata  or  fpinalis  be  weaker 
and  leCs  remarkable  than  in  living  ani- 
mals, yet  it  will  by  no  means  follow, 
that  they  are  not  indications  of  fenfi- 
bihty,  and  owing  to  the  fame  caufe  as  in 
living  animals :  for,  as  the  death  of  the 
body,  in  general,  foon  puts  an  entire 
end  to  every  kind  of  feeling  and  acti- 
vity in  the  parts  of  mod  animals,  fo  it 
is  not  to  be  doubted,  that,  immedi- 
ately after  death,  thefe  powers  begin 
to  be  weakened;  wherefore  the  mo- 
tions owing  to  them  mull  be  lefs  re- 
markable. 

Further,  if  the  convuliions  oc- 
caiioned  by  irritating  a  nerve  in  its 
natural  flate  are  allowed  by  all  to  be 
a. proof  of  its  feehng,  the  like,  tho' 
weaker,  convuliions  excited  in  the 
mufcks  by  irritating  a  cut  or  tied 
nerve  mull  be  an  equal  proof  of  its 
flill  retaining,  in  fome  meafnre,  its 
fenfibility.     When  all  communication, 

therefore J 
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therefore,  with  the  brain,  by  means  of 
the  nerves,  is  cut  off,  convuliive  mo- 
tions, vyhich  mfe  from  a.  Jiimulus  ap- 
phed  to  any  part,  are  equally  a  proof 
of  the  fenfibiUty  of  that  part,  as  if  the 
communication  were  preferved.  And, 
if  in  the  latter  cafe,  thefe  motions  may 
be  juftly  afcribed  to  the  nerves,  being 
hurt  by  the  irritation,  they  mufl  be 
equally  fo  in  the  former. 

3.  But  here  it  will  be  objeded;  How 
can  there  be  any  fenfibiUty  or  feeling 
in  a  nerve^  whofe  communication  with 
the  brain  is  cut  off? 

In  anfwer  to  which  it  may  be  fuf- 
ficient  to  fay.  That,  Unce  we  have 
llrong  reafons  for  believing  that  the 
parts  of  many  infects  continue  to  be 
fenfible  for  a  confiderable  time  after 
they  have  been  divided  from  each 
other*;   and  that  the  bodies  of  fome 

larger 

*  Flies  copulate  and  lay  eggs  after  decolla- 
tion. Boy/e's  ufefullnefs  of  experimental 
philofophy,  part  2.  pag.  16. 
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larger  animals  continue  to  live  and  feel 
after  they  are  deprived  of  their 
heads*:  Why  may  not  the  mufcles  of 
men  preferve  fome  degree  of  fenfibility 
for  a  few  moments  after  their  nerves 
are  tied  or  cat,  altho'  we  may  not  be 
able  to  account  for  this,  from  any 
thing  we  know  of  the  nature  of  the 
body,  or  of  the  manner  in  which  the 
foul  is  prefent  with,  or  ai5ts  upon  it  |? 

Redi 

*  Vipers  continue  for  three  days  after 
being  deprived  of  their  head  and  heart,  to  be 
manifeftly  fenlible  of  pcndlures,  and  move  their 
bodies,  when  pricked,  juft  as  entire  vipers  do. 
Boyle  s  ufefulnefs  of  experimental  philofophy 
part  2.  p.  1 6. 

f  If  I  were  allowed  to  indulge  myfelf  in 
conje£lui*es  concerning  a  matter  of  which  I 
know  very  little,  I  would  fay,  that,  altho' 
there  can  be  no  feeling  or  perception  in  the 
brain  when  a  nerve  is  pricked  below  where  it 
is  cut  or  tyed,  yet,  if  the  foul  be  prefent  every 
where  in  the  body,  as  feems  highly  probable, 
there  may  be  fome  kind  of  feeling  or  fenfa- 
tion  excited  in  the  nerye  itfelf,   which   may 

be 
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Redi   tells   us,    that  the    head  of  a 

viper  will  bite  half  an  hour  after   it  is 

cut    off  from  the  body,   {vid,  Jacohm 

ohfervat.  de  ranis  et  lacert.  p,  58.)  ;  and 

P  I 

be  fiiiHcient  to  produce  a  motion  in  the  mulcles 
to  which  it  belongs. 

Dr.  Siuart  has  produced  feveral  arguments 
to  prove,  that  the  inferior  extremity  of  every 
nerve  is  to  be  confidered  as  the  brain  of  the 
organ  or  part  in  which  it  terminates ;  and  that 
the  foul  is  not  confined  to  the  brain  or  any  part 
of  it,  but  is  prefent  every  where  in  the  body, 
equally  in  the  extremities  of  the  nerves,  as  at 
their  origin.  (DifTert,  de  motu  mufcular. 
cap.  v.)^  And  if  this  be  fo,  as  it  may  for  any 
thing  that  can  be  fhewn  to  the  contrary.  Why 
may  not  a  mufcle,  whofe  nerve  is  tied,  or  cut, 
continue,  for  fome  little  time,  fenfible  and  irri- 
table ?  Its  fenfibility  v/ill  not  indeed  be  at- 
tended with  what  is  properly  called  confciouf- 
nefs,  as  diflinguifhed  hom.  fitnfle  fcnfalion -,  be- 
caufe  this  reflex  adl,  by  which  a  perfon  knows 
his  thoughts  or  fenfations  to  be  his  own,  is  a  fa- 
culty of  the  foul  only  exercifed  in  the  brain, 
with  which  all  communication  is  now  cut  oiF. 

As  the  foul  feems  to  im.agine,  judge,  reafon, 
and  remember  in  the  brain  only;  fo,  why  may 

it 
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I  have  often  obferved,  that  a  frog's 
head,  after  being  feparatcd  from  its 
body,  not  only  continued,  for  above 
hah*  an  hour,  to  move  its  eye-Hds,  no- 

ftrils, 

It  not  have,  in  the  various  other  parts  of  the 
body,  fuch  feelings  or  powers  as  are  neceflary 
for  carrying  on  their  feveral  functions  ?  Parti- 
cularly, why  may  it  not,  in  the  mufcular 
fibres,  have  the  pov/er  of  fimple  fenfation  and 
of  beginning  motion  ?  Or,  which  will  amount 
to  much  the  fame  thing,  while  the  rational 
foul  ads  only  in  the  brain,  there  may  perhaps 
be,  as  fome  have  thought,  a  fentient  adllve 
principle,  which  enlivens  the  whole  body,  and 
which  continues  to  aduate  the  parts,  for 
fome  time  after  their  communication  with  the 
brain  is  Hopt,  /'.  e.  as  long  as  they  continue 
in  due  ord^r  for  being  ailed  upon  by  it. 

The  more  probable  opinion,  however,  feems 
to  be,  that  the  foul  is  equally  prefent  in  the  ex- 
tremities of  the  nerves  thro'  the  v/hole  body  as 
in  the  brain,  hi  thofe,  it  is  only  capable  of 
feeling  or  fimpls  fenfation;  but  in  this,  it 
exercifes  the  powers  of  reflex  confcioufnefs  and 
reafon.  When  the  comm.unicatlon  of  any  part 
with  the  brain  is  cut  off,  the  fimple  fenfation 
of  feeling  excited  in  fuch  part  is  no  longer  per- 
ceived 
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flrils,  and  mufcles  of  the  lower  jav/, 
when  its  brain  or  the  lldn  of  its  head 
was  touched  with  a  probe,  but  fome- 
tinies  moved  its  eyes  and  eye- lids,  when 
P  2  nothing 

ceived  by  the  foul  in.  the  brain;  and  therefore 
h  not  attended  with  reflex  coniciciifnefs :  the' 
nerves  being  rjtOvV  alfo  deprived  of  the  in- 
fluence which  ufed  to  be  tranfmitted  to  them 
from  the  brain,  foon  become  unfit  to  perform 
their  fundions;  hence  the  pov/ers  of  fimple 
ienfation  and  motion  in  the  part,  if  it  be  muf- 
cular,  ceafe  by  degrees,  till  at  laft  it  becomes 
quite  dead.  The  communication,  therefore, 
between  the  feveral  organs  and  the  brain,  is 
not  only  neceiTary  to  preferve  their  nerves^ 
by  means  of  fome  influence  tranfmitted  to  them, 
in  due  order  for  performing  their  functions,  and 
being  properly  alFedled  by  their  feveral  ob- 
jeds,  but  alfo,  that  the  foul,  as  a  confcious  and 
rational  being,  may  be  acquainted  with  thefe 
im^prelfions. 

It  will  be  unfair  to  obje£l  here,  that  we  a- 
fcribe  the  intelligent  powers  of  the  mind  to 
the  bodily  organs :  for  as  the  bell  muficiaii 
cannot  m.ake  a  flute  give  the  found  of  a  violin, 
nor  a  harpficord  that  of  a  French  horn,  nor 
without  thefe  feveral  inllruments  produce  their 
founds  and  notes  at  all ;  in  like  manner,  the 

^  fouL 
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nothing  touched  it,  and  as  it  were  of 
its  own  accord ;  fo  that,  without  an 
obflinate  degree  of  fcepticifm  in  this 
matter,  we  cannot  deny  that  the  head 
continues  to  be  animated  for  a  con- 
fiderable  time  after  it  is  feparated  from 
the  body,    and   to  perform   not  only 

involuntary 

foul,  in  the  frefent  ftate,  can  only  exercife  its 
rational  powers  in  the  brain;  it  can  only  tafte  in. 
the  tongue,  fmell  in  the  nofe,  fee  in  the  eyes, 
hear  in  the  ears,  and  feel  hanp-er  in  die  llo- 
mach.  But  altho'  the  imagination,  mtmorf, 
and  rational  powers,  depend  upon  the  brain  ; 
yet  the  brain  does  not  imagine,  remember,  oe 
reafon :  althb'  taile  depends  on  the  tongue^ 
fmelling  on  the  nofe,  feeing  on  the  eyes,  and 
hearing  on  the  ears;  yet  thefe  organs  neither 
tafle,  fmell,  fee,  nor  hear,  but  only  that  lining 
fentient  principle  Vvdiich  animates  them. 

It  may  be  proper  to  obferve,  that,  whether 
thefe  conjedures,  which  ^re  offered  with  a, 
great  deal  of  diihdence,  fliall  be  thought  pro- 
bable or  not,  the  argument  concerning  the 
irritable  power  of  the  mufcles  of  animals  will 
not  be  materially  aifefted ;  fince  this  mufl  be 
determined,  not  by  metaphyfical  reafonings, 
but  by  experiments  and  obfervations.  Vid* 
Sed.  iv.  below, 


ESSAYS.       173 

involuntary  motions  when  fiimvJat  xi, 
but,  in  appearance,  alfo  voluntary 
ones.  In  like  manner,  the  body  of  a 
frog,  after  being  divided  from  the  head.,, 
preferves  the  power  of  motion,  for  a- 
bove  an  hour  ;  and  when  its  hind  feet 
or  toes  are  cut,  or  otherwife  hurt,  the 
mufcles  of  its  thighs,  legs,  and  trunk 
are  llrongly  contraded,  by  which  it 
raifes  its  body  from  the  table,  and 
fometimes  moves  from  one  place  to 
another.  When  the  mufcles  of  the 
thighs  are  pricked  or  cut  with  a  knife, 
they  are  excited  into  contraction  ;  but 
neither  they,  nor  the  neighbouring- 
mufcles,  are  near  fo  itronglj^  convulfed 
as  when  the  toes  are  wounded  f 
Whence  ihould  this  happen;  and-why 
fnould  not  the  mufcles  of  the  legs  and 
tMghs  be  more  ilrongly  convulfed, 
when  they  themfelves  are  v/ounded, 
than  when  the  toes  are  treated  in  the 
ilune  manner  ?  This  would  undoubt- 
edly* be  the  cafe,  if  the  motions  of  ir- 
ritated mufcles  were  owing  to  fome 
P  3  Property 
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property  of  the  infcnfible  matter  com- 
pofing  them.  But,  it,  as  we  imagine, 
they  are  all  to  be  deriv^cd  from  feeling', 
it  is  eafy  to  fee  that,  as  the  feet  and  toes 
are  more  fenfible  of  pain  when  wound- 
ed, than  the  mufcles  of  the  legs  or 
thighs,  flronger  convulfions  mufl  be 
occafioned  by  an  irritation  of  the  for- 
mer, than  of  the  latter. 

Further,  we  mufl  either  allow 
that  both  the  head  and  body  of  a  frog 
continue  to  be  animated,  for  a  con- 
fiderable  time,  after  they  are  feparated 
from  each  other  ;  or  elfe  affirm  that 
the  life,  feeling  and  adlive  powers  of 
animals,  are,  merely,  properties  of  that 
kind  of  matter  of  which  they  are  com- 
pofed.  The  former  opinion,  is  atten- 
ded with  fome  difficulties,  which  arife 
folely  from  our  ignorance  of  the  na- 
ture of  immaterial  beings ;  the  latter, 
is  inconfiflent  with  all  that  we  know 
of  matter  or  its  properties.  If  we  ad- 
mit it,  therefore,  we  not  only  afcribe 

quantics. 
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qualities  to  matter  which  it  does  not 
poffeis,  but  prefume  to  limit,  by  our 
fcanty  and  inad^quat^  capacities,  the 
powers  of  incorporeal  natures,  theiF 
manner  of  ading  upon  bodies,  and  co- 
exillingwith  them. 

If  the  foul  were  confined  to  the  brain 
as  many  have  thought  *,  Whence  is  it 
that  a  pigeon  not  only  lives  for  feveral 
hours  after  being  deprived  of  its  brain, 
but  alfo  flies  from  one  place  to  another  f? 
And  to  what  caufe  are  we  to  afcribe  the 
continuance  of  life  and  motion,  in  a 
viper  for  three  days  after  its  head  is 
cut  off,  and  in  a  tortoife  for  three 
weeks  after  decollation,  and  fix  months 
after  the  lofs  of  its  brain  t^  The 
motions  performed  by  thefe  animals 
cannot,  furely,  be  attributed  to  their 
material  part  alone ;  unlefs  we  fnall  de- 
ny them  a  foul  altogether,  and,  with 
Des  Cartes^  refer  all  their  actions  to  their 

corporeal 
*  Ad.  Getting,  vol.  2.  p.  153. 

f  Baglivi  opera  4to.  prefat.  p.  xi. 

%  Redi.  obfervat.  circa  animal,  vivent,,  p^ 

20^.  Scc» 
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corporeiil  machinery.  The  very  hi- 
genious  Dr.  Hales  writes  me,  that,  ha- 
ving, many  years  iince,  tied  a  liga- 
ture about  a  frog's  neck,  to  prevent 
any  efFufion  of  blood,  he  cut  off  its  head, 
and,  thirty  hours  after,  obferved  the 
blood  circulating  freely  in  the  web  of 
the  foot ;  the  frog  alfo  at  this  time 
moved  its  body  when  Simulated ;  but, 
on  thruiling  a  needle  down  through 
the  fpinal  marrow,  the  animal  was 
ilrongly  convulled,  and,  immediately 
after,  became  motionlefs. 

If  then  the  foul  in  pigeons,  frogs, 
vipers  and  tortoifes,  is  by  no  means  con- 
fined to  the  brain,  but  can  continue  for 
a  long  time  to  actuate  their  bodies  in- 
dependent of  it ;  and .  if,  in  many  in- 
fects which  have  no  brain,  every  part 
of  the  body  is  both  fenfible  and  irri- 
table*; why  Ihould  we  deny,  that-,  in 
man  and  fuch  animals  as  reiemble  him 
molt:,  the  parts  may  continue  to  be  a- 
ctuated  by  the  foul  or  fentient  principle 

for 

*  Ad.  Getting,  vol.  2.  p»  1^38. 
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for  fome  few  minutes  after  their  com- 
munication with  the  brain  has  been, 
cut  off*  ? 

If  any  man  of  ordinary  fenfe,  who 
is  no  philofopher,  be  ailicdj  Why  the 
heart  of  a  frog  beats  when  feparated 
from  the  body,  and  renews  its  motions 
when  pricked;  he  will  readily  fay,  It 
is  becaufe  there  is  life  in  it :  and  this 
is  a  proper  anfwer  5  nor  can  a  better, 
perhaps,  be  given  by  the  ableft  philo- 
fopher. If  then  life  in  animals  be  ow- 
ing to  the  energy  of  a  principle  diilindl 
from  matter  and  of  powers  fuperior  to 
it,  we  have  reafon  to  conclude,  that^ 
as  long  '  as  any  figns  of  life  remain  in 
the  bodies   of  animals  or  any  of  their 

parts, 

*  The  difference  between  men  and  thofe 
animals  which  live  long  after  decollation  or  the 
excilion  of  their  heart,  feems  .to,  be,  that  the 
latter  are  fo  framed  that  frefh  fupplies  of  blood 
and  fpirits  from  the  heart  and  brain  are  not  im- 
mediately necefTary  to  keep  the  feveral  parts  in 
due  order  to  be  a£ted  upon  by  the  foul;  as 
leems  to  be,  in  a  great  meafure,  the  cafe  in  man 
i&nd  many  other  animals. 
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parts,  this  principle   flill  continues  to 
adaate  them. 

There  are  two  kinds  of  motion 
from  irritation,  obfervable  in  Hving 
animals  :  z^iz.  where  the  mufcle  or 
organ  itfelf  is  llimulated,  and  where 
the Jlhnulus  only  aiFecls  fome  neighbour- 
ing or  diilant  part*  The  firfc  (of 
which  kind  is  the  motion  of  the  heart) 
feems  to  be  owing  to  the  foul  or  fen- 
dent  principle  as  acling  in  the  part 
movedy  but  the  fecond,  to  the  foul  as 
perceiving  and  ading  in  the  brain  :  and 
of  this  kind  is,  the  motion  of  fneezing 
from  an  irritation  of  the  nofe,  and  the 
contraction  of  the  diaphragm  in  vomi- 
ting and  in  a  tenefmus  or  llrangury.  In 
order  to  the  firil  kind  of  motions,  an 
immediate  communication  with  the 
brain  is  not  abfolutely  neceflliry,  but 
only  fuch  a  iliare  of  the  nervous  power 
in  the  mufcle  or  its  nerves,  as  may  be 
requifite  to  fit  its  fibres  for  being  aded 
upon  by  the  foul  or  fentient  principle. 
But  the  cafe  is  quite  otherwife  in  the 

fecond  5 
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fecond ;  where  the  motion  produced  is 
through  the  intervention  of  the  brain, 
and  not  by  any  ftimidus  applied  to  the 
part  moved.     And  hence  it  is  that,  in 
an  animal  newly  dead,   the  diaphragm 
is  not   brought  into  contraction  by  la- 
cerating   or     pricking  the    inteftmum 
reElum   or  neck  of  the  bladder,  altho' 
the  fibres  of  thefe  parts  thanfelves  may 
be,  thence,  agitated  with  fome  tremu- 
lous motions.      In  like  manner,    tho' 
the  mufcular  coat  of  the  ftomach  is  ex- 
cited into  contradion    fome  time  after 
the  death  of  the  animal,  by  irritating 
It ;  yet  the  diaphragm  is  no  way  affe- 
cted by  this  irritation:    which,    how- 
ever,   it  would  have  been,  if  the  ani- 
mal   had   been   alive.     Agreeably   to 
this,  when  any  of  the  mufcles  of  a  frog's 
legs  are   irritated  fome  time  after  cut- 
ting off  its  head,  almoft  all  the  mufcles 
belonging  to  the  legs  and  thighs    are 
brought  into  contradlion,  if  the  fpinal 
marrow  be  entire  :   but,  as  foon  as  this 
marrow  is  dellroyed,  altho'  the  fibres 

of 
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of  fuch  mufcles  as  are  thcmfelves  fli- 
mulated  are  afi^cted  with  a  weak 
tremulous  motion,  yet  the  neighbour- 
ing mufcles  remain  altogether  at  reit. 

I  have  elfewhere  endeavoured  to 
ihew.  That  the  fappofition  of  the  foul 
or  fentient  principle's  continuing  for 
fome  time  to  adluate  the  feparated  parts 
of  animals,  does  not  infer  its  real  divi- 
fibility  *  j  nor  is  it  neceffary  to  repeat 
the  fame  things  again  :  but,  I  cannot 
help  obferving,  that,  when  Dr.  Haller 
reprefents  me  as  holding  the  foul  to  be 
divifible,  fo  as  that  it  may  be  cut  into 
as "  many  pieces  as  the  anatomifl 
pleafes-j-5  ^^^  charges  me  with  an  opi- 
nion which  I  not  only  do  not  maintain, 
but  which  I  have  brought  arguments 
to  difprove.  I  ihall  only  add,  that  the 
indivifibility  of  the  foul  does  not  de- 
pend on  the  unity  of  the  body,  but  on 
its  own  particular  nature. 

It 

*  EiTay  on  vital  motions,  &c.  p.  380.  &C. 
i"  Aft.  Getting,  vol.  2.  p.  137, 
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It  mufl  be  acknowledged,  that 
there  is  a  great  deal  of  obfcurity  in 
thefe  matters  :  but,  as,  in  every  part 
of  nature,  we  find  abundance  of  itiy- 
fleries,  as  often  as  we  pufh  oar  inqui- 
ries to  any  great  depth  ;  jt  can  be  no 
wonder  if  we  meet  with  difficulties, 
almoft  inilirmountable,  in  accounting 
for  the  motions  of  animals,  or  tracing 
them  up  to  their  firfl  fource;  for,  if 
we  are  far  from  underflanding  the  com- 
RiLinication  of  motion  and  other  ad:ions 
of  matter  upon  matter^  How  fliall  we  be 
able  to  comprehend  the  manner  in 
which  an  i;;^;//^/m^/ principle  acls  upon 
it?  But,  as  we  can,  from  the  Httle  we 
knov/  of  matter,  fee  that  inadivity  is 
one  of  its  elTential  properties,  we  are 
hence  convinced  of  the  necelTity  of 
afcribing  the  life  and  motions  of  ani- 
mals to  the  power  of  an  incorporeal 
Agent.  * 

If  we  knew  the  manner  of  exiflence 

of  the  foul  J  or  the  way  in  which  it  acts 

Q^  upon 
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upon  or  is  prefent  with  the  body ;  it 
would  be  a  very  proper  objection  to 
any  phyfiological  opinion,  that  it  was 
inconfiitent  with  what  we  certainly 
knew  of  thefe  things  ;  but,  as  we  are 
utterly  ignorant  of  them,  it  is  highly 
unreafonable  and  abfurd  to  argue  againffc 
an  opinion  fupported  by  experiment 
and  analogy,  from  its  fuppofed  incon- 
iiilency^  with  what?  why,  truly, 
with  nothing  !  For  what  we  are  to- 
tally ignorant  of,  is,  to  us,  as  if  it  were 
nothing  ;  and  we  can  neither  affirm 
nor  deny  any  thing  to  be  either  con- 
fiilent  or  inconfiilent  with  it» 


SEC  T.     III. 

Dodtor  Haller,  after  endeavouring  to 
prove  that  irritabiUty  is  independent 
on  fenfibility,  gives  it,  as  his  opinion, 
That  this  remarkable  property  of  the 
mufcles,  has  its  feat  in  the  glutinous 
matter  connecting  the  earthy  elements 

of 
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of  which  their  fibres  are  compofed  *  ^ 
and  that  irritability  ought  to  be  looked 
upon  as  a  particular  property  of  this 
glutinous  fubilance,  in  like  manner  as 
gravity  is  allowed  to  be  a  property  of 
matter  in  general,  altho'  its  caufe  cannot 
be  affigned  f . 

But  furely  the  glutinous  matter  of 
the  mufcles  of  animals  feems  as  unlike- 
ly to  be  endowed  with  an  adive  power, 
fuch  as  irritability,  as  any  other  con- 
ftituent  part  of  the  animal  body ;  nor 
can  any  thing  be  deduced  from  its  en- 
deavouring to  flirink  or  fliorten  itfelf 
when  drawn  out  Xy  for  the  glue  of  the 
fldn,  ligaments  and  tendons,  as  well  as 
of  the  mufcles,  has  this  property,  which 
is,  indeed,  a  kind  of  elafiicity  il,  and  no 
Q.  2  way 

*  Aft.  Gotting.  vol.  2.  p,  152. 
t  Ibid.  p.  154.  and  157. 
X  A6t.  Getting,  vol.  2.  p.  152. 
Ij  Elafticity  is  not  a  property  of  hard  bodies 
alone,   as  Dr.  Haller  feems  to  think  (p.  152.}, 
but  is  alfo  found  in   foft  ones :   thus  air,  v/ool- 
and   the    down   of  feathers  fue    rernarLiably- 
elailic. 
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way  fimllar  to  that  power  of  alternate 
contraction  which  mufcular  fibres  are 
endowed  with. 

The  Dodlor,  in  proof  of  his  notion 
of  the  irritable  nature  of  the  mufcular 
glue,  adds,  that  young  animals  which 
abound  moil  in  it  are  mofl  irritable. 
The  obfervation  is.  certainly  true,  but 
proves  nothing  in  the  prefent  cafe;  for 
the  fldn,  ligaments,  and  tendons 
(which  lafl  are  a  continuation  of  the 
mufcles,  only  harder  and  more  com- 
padled)  abound  much  more  in  glue 
than  the  mufcles,  and  yet  are  not  in 
any  degree  irritable.  The  greater  irri- 
tability of  the  fibres  of  young  animals 
is  to  be  deduced  from  their  greater 
fenfibility,  and  this  is  owing  to  their 
greater  foftnefs  and  tendernefs ;  thus, 
what  in  new-born  animals  is  a  fenlible 
and  irritable  mufcle,  becomes  after- 
wards a  tendon,  which,  in  a  found 
flate,  is  deititute  of  irritability,  and  en- 
dowed with  little  or  no  feeling  *. 

But 

*  Ad.  GottiiigeniC  vol.  2.  p.  140. 
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But  farther,  fince  the  gelatinous 
matter  in  our  aliments^  and  even  in 
our  blood,  is  quite  deftitute  of  the 
property  of  irritabihty,  it  mull  ov/e 
this  power  to  the  particular  difpoil- 
tion  or  arrangement  of  its  parts,  or 
to  fome.  other  change  which  it  faffers, 
when  it  becomes  a  part  of  a  mufcle  : 
And  if  this  may  be  fo,  why  may  not 
the  finer  aud  more  lubtile  parts  of  the 
blood  be  fo  changed  in  the  brain  as 
there  to  acquire  a  power  of  feeling  and 
thinking,  i,  e.  if  irritabilily  be  a  pro- 
perty of  the  mufcular  glue^  why  njay 
not  fenfibility  and  intelligence  be  pro- 
perties of  the  medullary  fubltance  of 
the  brain  ?  for  the  known  properties 
of  matter  give  us  reafon  to  think,  that 
real  adivity  is  not  more  confiflent 
with  its  nature,  than  feeling  or 
thought. 

But  it  has  been  faid,    that  irritabi- 
lity inay  be  a  property  of  the  mufcular 
glue  as  well  as  gravity  is  a  property  of 
0^3  matter 
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matter  in  general.'  let  us  therefore- 
confiJcr  this  notion  a  httle,  and  fee 
whither  it  will  lead  us.  Gravity, 
which  is  a  property  of  matter,  conti- 
■  nnes  to  be  fo,  let  raatter  be  ever  fo 
Biuch  altered  or  changed  by  fire,  mea- 
ftruums,  or  other  caiifes  3  but,  when 
tliQ  gluten  of  tlie  mufcle.s  is  extracted 
from  them,  it  appears  as  inert  and 
dfiftitute  of  aclive  powers  as  any  other 
matter;  nay,  tho'  allowed  to  remain  in 
them,  yet,  in  molt  animals,  it.  loies  its 
power  altogether  very  foon  after  tlie 
mufcles,are  feparated  from  the  body. 

But,,  flippoiing  irritability  to  be  a 
property  of  the  raufcular  glae  in  th.e 
fame  fenfe  that  gravity  is  a  property 
of  all  matter,  yet,  as  the  moil  attentive 
conMeration  of  the  nature  of  matter 
has  convinced,  philofophers  that  gravity 
is  not  eflential  to  it,  but  owing  to 
fome  general  caufe  acling  upon  it  ;  fo 
the  irritability  of  the  mufcular  glue 
Biuft  be  allowed  not  to  be  a  property 
'aOTeiitial  to  it,   but   arifmg  from   the 

ai^ion, 
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aiflion  of  fome  other  caufe  upon  it. 
Gravity  has  been  alcribed  either  to 
the  immediate  and  continued,  operation 
of  an  immaterial  being,  or  to  the 
aclion  of  fome  fubtile  elaflic  medium 
on  matter  ,\  But,  iince  the  elallicity  of 
the  parts  compoling  fuch  a  medium- 
muil  be,  at  lad,  referred  to  the  ac^iive 
power  of  fome  iniorpcreal  caufe,  it 
follows,  that  gravity  muit  be  fo  like- 
wife  =, 

It  appears  therefore,  aftei-  all  that 
has  been  faid  to  iliew  that  the  motions 
of  irritated  mufcles  are  owing  to  a 
property  of  irritability  in  them  or  their 
glue,  that  we  are  at  lad  obliged  to 
refer  them  to  the  a6live  power  of  an 
immaterial  caufe ;  unlefs  we  fliall, 
contrary  to  all  found  philofophy, 
choofe  to  afcribe  feeling  and  proper 
activity  to  matter.  And,  as  gravity 
mufl  finally  be  refolved  into  the  power 
of  that  Being  v/ho  upholds  univerfal 
nature;  fo  it  is  highly  probable,,  that 
the  irritability  of  the  mufcles  of  animals 

is. 
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is  owing  to  that  living  fentient  prin- 
ciple, which  animates  and  enlivens 
their  whole  frame. 


SECT.     IV. 

Having  thus  endeavoured  to  lay 
open  the  infufficiency  of  Dr.  Halter's 
theory  of  irritability,  we  fiiall  conclude 
with  a  few  obfervations,  which,  if  they 
do  not  demonftrate,  make  it,  at  leaif, 
extremely  probable,  that  the  motions  of 
ftimulated  mufcles  proceed  from  their 
fenfibility  or  are  clofely  connected  with 
it  :  but,  previous  to  thefe,  mufl  be  al- 
lowed to  take  notice,  that  the  word  /m- 
tability  feems  to  imply  a  kind  of  life  or 
feeling  in  the  part  endowed  v^ith  it, 
which  renders  it  capable  of  being  fret- 
ted, provoked  or  irritated,  and  therefore 
feems  to  be  improperly  applied  to  ex- 
prefs  the  contractile  power  of  ftimulated 
mufcles,  if  this  power  has  no  connexion 
with,  or  dependence  on  their  fenfibi- 

hty. 
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II ty.  We  never  talk,  of  irritating  a 
flone,  a  piece  of  wood,  a  tree,  or  in- 
deed any  thing  that  is  deftitute  of  feel- 
ing. Irritability^  therefore,  in  the 
common  acceptation  of  the  word  a- 
mong  mankind,  implies  fome  kind  of 
fenfibility ;  nay  Dr.  Haller  himfelf, 
notwithllanding  his  profeiTed  defign  is 
to  (hew  irritability  to  be  independent 
of  fenfibility,  fpeaks  once  and  again  of 
parts  that  are  not  irritable,  as  not  feel- 
ing or  perceiving  the  acrid  matter,  or 
other  fiimulus  applied  to  them  *.  So 
true  is  the  obfervation  of  the  poet, 

Naturam  e^pelles  furca  \   tamen  ufgm 
recurret. 

But  to  return 5 

I.  We  almoft  always  obferve  the 
irritability  of  the  mufcles  and  organs  of 
the  human  body  to  bear  a  proportion 
to  their  fenfibility.  Thus,  in  young 
children,  where  the  tender  nerves  and 
fibres  are  more  eafily  hurt,  and  all  the 

feelings 

*  Ada  Gottmgenf.  vol,  2.  p.  142. 
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feelings  are  more  exqiiifite ;  the  qukk- 
riefs  of  the  piUfe  and  the  violent  con- 
vullions  with  which  they  are  often 
affeded,  from  very  flight  caufes,  ihew 
their  mufcles  to  be  endowed  with  a 
greater  degree  of  irritability,  than 
thofe  of  adults*.  In  like  manner, 
grown  people  of  delicate  nerves  and 
very  quick  feelings  are  fubjtd:  to 
fpafnis  and  con vu hive  motions  of  their 
llomach,  guts,^r.  and  to  palpitations  of 
their  heart,  from  fuch  flight  caufes  as 
would  fcarce  fenfibly  afied  men  of  firmer 
conflitutions  and  lefs  moveable  nerves. 
On  the  other  hand,  in  old  people 
in  whom  air  the  feelings  become  lefs 
acute,  the  mufcles  are  lefs  irritable; 
witnefs  the  flow  motion  of  their  heart. 
And,  in  apopleftic  and  coraatous  ca- 
fes, wheje  the  fenfes  are  greatly  impair- 
ed, the  heart's  motion,  and  that  of  re- 

fpiration, 
*  It  mayalfo.be  obferved,  that  the  parts  of 
young  animals  which  are  moll  fenfible,  ai-e  not 
only  moll  irritable,  but  retain  their  power  ef 
motion  longeft  after  death,  or  feparation  from 
the  body*     Vid.  Effay  on  vital  motions,  p.  358. 
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fpiration,  are  remarkably  flow ;  and 
friQftimulus  of  the  f^ces  is  not  fufficient 
to  bring  the  guts,  diaphragm,  and  ab- 
dominal mufcles  into  contraction,  as 
lafual. 

Further,  the  nerves,  which  are 
the  mofl  fenfible  parts  of  the  body, 
produce,  when  irritated,  the  mofh  re- 
markable convulfive  motions  in  the 
mufcles ;  and,  when  they  are,  by  being 
Hretched,  rendered  more  fufceptible  of 
pain,  an  irritation  of  them  produces 
ilill  greater  convuifions  *. 

11.  Whatever  increafes  the  fenfi- 
bility  of  the  mufcles  or  moving  organs 
of  our  body,  alfo  increafes  their  irrita- 
bility. 

Thus,  when  the  flomach  is  infla- 
med, the  mildeft  liquors,  received  into 
it,  are  apt  to  provoke  vomiting,  or 
the  hiccup ;  whereas,  in  a  found  flate 
of  this  organ,  brandy,  vinegar,  and  o- 
ther  acrid  liquors,  produce  no  fuch  ef- 
fect.    When  the  neck  of  the  bladder 

is 

*  Ad.  Gottingenf.  vol.2,  p.  136. 
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is  flightly  inflamed  or  excoriated,  the 
urine,  which  ufed  to  give  little  diflurb- 
ance  till  collected  in  large  quantity, 
irritates  this  tender  part,  fo  as  to  pro- 
duce violent  and  often-repeated  eiForts 
to  empty  the  bladder. 

When  tht  fauces  dLXO,  attacked  with 
an  inflammation,  the  mufcles  of  deglu- 
tition are  more  flrongly  convulfed  in 
fwallowing,  than  when  thefe  parts  are 
in  their  natural  ftate.  When  the  guts 
are  by  any  means  deprived,  in  a  good 
meafure,  of  their  mucus ^  or  rendered 
more  fenfible  by  a  very  flight  degree  of 
inflammation  in  their  inner  membrane ; 
the  gentleil  purgatives  often  operate 
as  feverely  as  the  ftronger  ones  do  in  a 
perfon  in  perfecl  health.  When,  with- 
out any  degree  of  erection  in  the  penis^ 
the  femen  efcapes  into  the  urethra^  the 
mufculi  acceleratores  urin^  are  no  way 
affected  by  it :  but,  as  often  as  the  penis 
is  ereded,  and  thereby  its  parts  render- 
ed more  (enfible,  and,  as  it  were,  half 
inflamed,  the  femen  is  no  fooner  poured 

into 
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into  the  beginning  of  the  urethra^  than 
the  above-mentioned  mufcles  are  exci- 
ted into  flrong  convuKive  contraclions. 

The  heart  becomes  fo  irritable, 
when  itfelf  or  the  pericardium  is  infia- 
med,  as  to  be  agitated  with  violent 
convulilons  and  palpitations.  Nay,  the 
tendons,  which,  in  a  found  ilate,  have 
little  or  no  feeling,  and  are  not  irri- 
table *,  become,  when  inflamed,  fo  fen- 
lible  of  ft  muli^  that  the  moft  violent 
convulfions  have  been  occafloned  by 
pricking,  tearing,  or  otherwife  irrita- 
ting them. 

A  difagreeable  fenfation  in  the  flo- 
mach  from  wind,  relaxation  of  its 
coats,  and  other  caufes,  quickens  (efpe- 
cially  in  people  whofe  nervous  fyftem 
is  very  delicate  and  moveable)  the  mo- 
tion of  the  heart;  which  will  be  often 
rendered  flower  again,  by  a  glafs  of 
generous  wine,  a  dram  of  brandy,  or 
any  thing  that,  by  invigorating  the 
R  flomach, 

*  A£t.  Gottingenf.  vol,  2.  p.  140. 
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flomach,  baniflics  the  uneafy  fenilition 
in  it. 

A  difagreeablc  feeling  in  the  flo- 
mach  renders  the  heart  more  irritable, 
becanfe,  by  means  of  its  nervous  fym- 
pathy  with  this  organ,  it  increafes  its 
fenfibihty  •,  and,  in  like  manner,  an  in- 
flammation or  unufual  irritation  in  the 
kidneys  or  intefcines  increafe  the  irri- 
tability of  the  ftomach  :  but  how  a  dif- 
agreeable  feeling  in  the  ilomach  fliould 
immediately  alter  the  nature  of  the  glu- 
ten of  the  fibres  of  the  heart,  in  which 
Dr.  Haller  places  the  irritability  of  this 
organ,  is  as  inconceiveable,  as  it  is 
inexplicable  upon  any  jufl  principles  of 
phyiics. 

If  therefore  it  appears,  that  the  irri- 
tability of  the  moving  organs  of  our 
body  is  increafed  as  often  as  their  own 
fenfibility,  or  that  of  .other  parts  with 
which  they  have  a  remarkable  fympa- 
thy,  is  increafed ;  it  will  be  thought, 
at  leail,  highly  probable,  that  the  irri- 
tability 
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lability  of  any  part  depends  upon  its 
fenfibility. 

III.  Whx^tever  leiicns  or  deflroys 
the  lenlibility  of  the  mufcles  of  ani- 
mals, alfo  leiTens  or  deflroys  their  ir- 
ritability or  power  of  motion. 

Thus,  when  one's  fingers  or  limbs 
have  been-  long  expofed  to  fevere  cold, 
they  not  only  become  infendble,  but 
paralytic.  Frogs,  bats,  and  other  ani- 
mals, with  numbers  of  the  infed:-tribey 
are  fo  benumned  by  the  winter's  cold, 
as  to  be  deprived  of  all  feeling  and 
motion  ;  their  blood  does  not  circulate, 
nor  their  hearts  beat  3  and  their  mufcles^. 
tho'  torn,  cut  in  pieces,  or  otherwife 
ftimulated,  are  not  brought  into  coa- 
tr  action. 

During  the  time  of  incubation^, 
the  chick's  heart  is  obferved  to  beat 
fafler  or  flower,  and  with  more  or  lefs- 
force,  /.  e.  to  become  more  or  lefs  irri- 
table, as  it  is  expofed  to  greater  or  lefs 
degrees  of  heat ;  nay,  after  its  motion. 
has  been  flopt  altogether  by  cold,  a 
K  a  geiuk: 


i^e       PHYSIOLOGICAL 

gentle  heat  will  make  it,  in  a  very  fhort 
time,  b jgin  to  contract  anew  *. 

Fu  R  T  H  E  R ,  this  pun5ium  /aliens^  or 
heart  of  the  chick,  which,  when  touch* 
ed  with  any  thing  capable  of  hurting 
it,  is  excited  into  quicker  and  ftronger 
contractions,  after  being  expofcd  for 
fome  time  to  too  great  cold,  is  not  af- 
fedted  by  the  mod  powerful  Jiimuli. 

It  appears,  therefore,  that  feeling 
and  irritability  are  dellroyed  by  cold, 
and  rellored  by  a  proper  degree  of  heat, 
and  are  fa  clofely  connected  together, 
that  the  latter  is  never  to  be  found 
where  the  former  is  totally  wanting. 

If  authority  could  be  of  any  weight 

in  a  matter  which  is  to  be  determined 

by  experiments  and  obfervations,    we 

might  fupport  our   opinion  with  the 

name  of  one  of  the  molt  judicious  and 

fuccefsful  inquirers  into   nature,    that 

any  age  has  produced.    "  Ego  pluribus 

*'  experimentis  certus  fum  {fays  the  iU 

"  lnJiriGUslh.xYty')^  non  motum  folum- 

"  modo 
*  Haryey  de  generat.  animal,  exercit.  xvii. 
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*'  modo  pundo  fallen ti  inefTe,  fed  fen- 
"  fum  etiam ;  nam,  ad  quemlibet,  vel 
"  minimum,  tadlum,  videbis  punclum 
"  hoc  varie  commoveri,  et  quad  irrita- 
^'  ri. — Vidi,  inquam,  faepiirime,  aliique 
'*'  qui  una  mecum  aderant,  ab  acus,  fly- 
^'  li,  aut  digit!  contadu,  immo  vero  a 
''  calore  aut  frigore  vehementiore  ad- 
"  moto,  aut  cu}uflibet  rei  moleftantis 
*'  occurfu,  pundum  hoc  varia  fensus 
*^  indicia,  pulfuum  nempe  varias  per- 
*'  mutationes,.  idufque  validiores  ac  fre- 
*'  quentiores,  edidiife  ;  ut  non  dubitan- 
^'  dum  fit  quin  punclum  hoc  (anima- 
''  lis  inftar)  vivat,  moveatur,  ac  fen- 
*'  tiat.'^  De  generat.  animal,  exerc* 
xvii. 

Upon  occafion  of  quoting  Di% 
Harvey  J  it  may  not  be  improper  to 
take  notice  of  the  error  of  thofe  who- 
feem  to  think  the  irritability  of  the 
mufcles  a  late  difcovery*.  If  by  /m» 
R   3  tahility 

*  Tijfot,  difcours  freliminmre  fur  Virritahi- 
lite  prefixed  to  his  tranflation  of  Dr.  HaUer% 
treatife  of  the  fenfible  and  irritable  parts. 
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taUlity  is  meant  that  power  by  which 
mufcles  contract  when  they  are  pricked, 
fretted,  or  otherwife  flimiilated,  'tis 
plain  this  was  not  unknown  to  Harvey^ 
and  many  authors  fince  his  time 
might  be  named,  who  have  particu- 
larly mentioned  itf.   But,  if  by  inita- 

hility 

f  Tli3  irritability  of  tlie  heart,  after  being 
feparated  from  the  body,  has  been  generally 
known  to  phyficians  and  philofophers  for  near 
a  century  pall.  And  S-wammerdam  tells  us,  that, 
in  difTeifling  animals  alive,  he  obferved  contra- 
Scions,  not  only  in  the  mufcles,  but  in  every 
mufcular  fibre,  tho'  feparated  from  the  body  of 
the  mufcle.  Tra(fl.  de  refpiratione,  cap.  vii. 
§  V.    1667. 

Dr.  GliJ/on,  in  his  book  de  <ve}itricuIo  et  in^ 
iefiinis  (i6jj.),  has  feveral  chapters,  on  the 
irritability  of  the  parts  of  the  body ;  where  he 
not  only  mentions  the  heart  and  inteilines  as 
endowed  with  this  property,  but  tells  us  parti- 
cularly,  that  the  fibres  of  the  mufcles  in  dead 
animals  are  brought  into  contraflion  whea 
acrid  liquors  are  applied  to  them.  cap.  vii. 
No.  3.  He  gives  feveral  examples  of  the  ir- 
ritability of  parts  from  fympathy,  and  men- 
tions the  caufes  which  maj-  produce  either  too 

fiiiaU 
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Mity  be  meant  an  a6live  property  of 
the  mufcular  gkie  analogous  to  gravity; 
this,  it  mufl  be  confelTed,  is  a  new 
difcovery,  tho'  not  likely  to  prove  a 

lalting 

finall  or  tao  great  a  degree  of  irritability  in 
the  fibres,  cap.  ix..  No.  4,  5,  6,  &  j.  He 
fuppofes  irritability  to  arife  from  a  natural  per- 
ception in  the  fibres,  without  which  they  could 
be  no  more  afFeded  by  any  irritating  caufe 
than  a  deaf  man  is  by  founds.  This  natural 
perception  he  diflinguiihes  from  feeling,  con- 
cerning which  he  reafons  at  great  length,  but 
with  little  perfpicuity.  cap.  vii. 

Peyerus,  after  endeavouring  to  confute  Har- 
*vey^s  opinion  of  the  chick's  heart  being  not 
only  endowed  with  motion,  but  alfo  feeling, 
and  afcribing  the  irritability  of  this  organ  to 
its  exquifite  but  unknown  ftruflure;  add?j 
"  Conllat  vero  pifcium  plurimos,  nee  non 
*'  infefta  et  alia  quaedam  animalcula  motus 
**  fui  aut  vitse  admodum  efie  tenacia,  adeo  ut 
**  in  partes  quoque  diiTedla  {^{q  aliquamdiu 
"  adhuc  motitent,  imprimis  ii  adhibito  ilimulo, 
**  infuper  laceffantur.  Parerg.  anat.  med. 
**  ymum  pag.  200.  Genev.  168 1."  The  ir- 
ritability of  the  inteftines  and  heart  was  fo  well 
known  to  Bohniusj  that  he  deduces  tlie  periilal-^ 
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lafling  one.      Optnionum  comment  a  delet 
dies^  nature  judicia  *confirmat* 

But,  to  return  from  this  digreflion; 
Opium^    which  is   remarkable   for  its 

power 

tic  motion  of  the  inteilines  from  the  Irritation 
of  the  aliment,  and  ^fcribes  the  alternate  con- 
traflionof  the  heart,  partly  to  X^Qjiimulus  of 
the  blood  ruihing  into  its  cavities,  which  had 
been  mentioned  before  hy  Har'vey  and  Glijfon  as 
the  fole  caufe  of  the  heart's  motion.  Circul. 
anatom.  phyfiolog.  p   105.  &  163.  edit.  1686. 

Bagli-vius  has,  in  his  book  dejibra  mot  nee,  aa 
in  tire  chapter  Vf  irritatione  foiidorum  Jive  fiimu- 
lis  et  njariis  Jiimulorum  e^edihus :  from  which- 
it  appears,  that  he  was  far  from  being  ignorant 
of  the  power  of  Jiimuii  to  excite  the  parts  of 
living  animals  into  contraftion.  He  has  alfo 
feveral  experiments  concerning  the  irritability 
of  the  heart  after  being  feparated  from  the 
body,  and  mentions  particularly  that  frogs  are 
convulfed  by  pun([lures  an  hour  after  they  have- 
been  deprived  of  all  the  'vifcera  of  the  thorax 
and  abdomen,  Exper.  xi.  de  circulatione  fangui" 
fiis  in  rana. 

Among  the  later  writers,  Dr.  De  Gorter  has, 
in  many  places  of  his  works,  taken  notice  of 
the  motions  of  fuch  parts  of  animals  as  are  ir- 
ritated ;  and  obferves,  that  thefe  motions  are 

not 
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power  of  impairing  or  dellroying  the 
fenfibility  of  all  the  parts  of  the  body, 
alfo  leiTens  or  fufpends  the  irritability 
or  moving    power  of    the    mufcles. 

Ihus^ 

not  to  be  accounted  for  from  elafllcity.  "  Sed 
**  praeterea  cum  omnes  fibrae  nervolag  vellicatae 
*'  {efe  inordinate  et  involantarie  moveant,  pa- 
**  tet  minimam  caufam  fspe  fufficere  ad  totam 
**  corporis  osconomiam  turbandam.- —  Cur  au- 
**  tem  a  vellicatione  pars  aliqua  nervofa  iiatim 
**  contiahitur,  difficile  explicatur  ;  Veritas  au- 
**  tem  ejus  aiTerti  ubique  manifella  eft,  non 
"  modo  in  nervo  iilo  vellicato,  fed  et  in  reii- 
•*  quis  furculis  nerveis  ab  eadem  origine  veni- 
**  entibus,  ut  in  flernutatione,  tuffi,  vomitu,  &c<. 
**  Sentio  id  efie  adfcribendum  fummi  Opificis 
"  placito,  qui  voluit  corpus  noilrum  ita  concin- 
**  nare,  ut  ftatim  ac  vellicetur  pars  nervofa^ 
«'  ibidem  demandentur  fpiritus ;  hoc  enim  ab. 
''  elafticitate  partium  derivare,  vellicatione  vel 
"  ftimulo  agitatarum  et  ofcillantium  fruftra 
"  tentarunt  multi»"  Gorteri  compend,  medicinal 
p.  58,  &  63.  Lugd.  Batav.  1735. 

Mr.  Monro,  in  his  anatomy  of  the  nerves^ 
tells  us,  "  That  all  mufcles,  but  especially 
**  the  heart,  continue  to  contraft,  in  an  irre- 
"  gular  way,  for  fome  time  after  they  are 
**  cut  away  from  the  animal  to  whom  they  be- 

«  longed  % 
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Thus,  in  a  fmall  dofe,  it  puts  a  flop  to 
vomiting  and  coughing,  and  quiets 
the  convuldve  motions  of  the  intejli- 
niim  reBum^  bladder,  abdominal  mufcles 

and 

**  longed ;  and  tliat,  after  this  motion  of 
**  theirs  has  ceafed,  it  may  be  r^ftored  a- 
"  gain  by  breathing  upon  them,  or  pricking 
"  them  with  a  jfharp  inllrument.'*  Anatomy 
of  the  human  bones  and  nerves,  p.  38. 
edit.  3d,    1 741. 

Dr.  Haller,  fpeaking,  a  dozen  of  years  ago, 
of  the  motion  of  the  heart  in  time  of  fleep,- 
fays ;  "  Caeterum  tota  theoria  ifta  fimpliciffimo 
'*  phaenomeno,  a  nemine  negabili,  nititur, 
**  omnem  iibram  mufculofam  animalis  vivi, 
"  irritatam  a  quacunque  caufa,  continuo  in 
**  contradionem  ire,  ita  utj  hsc  ipfa  ultima 
**  nota  lit  qua  animalia  imperfecta  a  vegeta- 
**  bilibus  dignofcantur."  And  afterwards, 
with  regard  to  the  motion  of  the  heart  after 
its  feparation  from  the  body,  he  exprefies 
himfelf  thus ;  *'  Omnino  videtur  quod  alibi- 
*'  fafTus  fum,  cum  Pr^eceptore,  in  iibra 
"  animali  aliquam  ad  irritationes  contra6liIita- 
*<  tem  fuperefie,  quae  fimplici  elatere  fortior, 
"  a  motu  mufculari  diverfa,  quod  cerebri  cor- 
'*  difque  non  indiga  fit,  et  in  ipfa  hujus  fibr.'e- 

*'  humidsa^ 
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and  diaphragm  in  a  tenefinus  and  ftran- 
giny,  akho'  the  ftimuli^  which  pro- 
duced thefe  motions,  continue  to  a6t 

on 

**^  humidae  adhuc  et  integrae  fabrica  fundata 
**  efTe  videtur."  Boerhaav.  prsledt.  academ. 
vol.  iv.  p.  586,  &616.    1743. 

Dr.  Winter,  in  1746,  publifhed  an  oration 
de  certitudine  in  medicina  pra£lica,  wherein,  it 
is  faid,  he  has  referred  all  the  motions  of  the 
human  body  to  the  irritable  nature  of  the 
fibres  and  the  power  of  a  Jiimulus ;  acknow- 
ledging, however,  with  Bagli'vi,  the  dura 
mater  as  the  fountain  from  which  all  our  mo- 
tions fpring.  But  this  piece  I  have  not  yet 
had  the  good  fortune  to  fee. 

In  an  effay  on  the  vital  and  other  involun- 
tary motions  of  animals  publilhed  in  1751,  the 
author,  after  confidering  particularly  three 
kinds  of  contradlion  obfervable  in  the  mufcles 
of  animals,  'viz.  natural,  voluntary,  and  invo- 
luntary from  <i  Jiimulus,  endeavours  to  Ihew, 
that  all  the  vital  and  involuntary  motions 
are  owing  to  fome  Jiimulus  irritating  either  the 
organs  moved,  or  fome  part  with  which  they 
have  a  particular  fympathyj  that  the  alter- 
nate contradions,  excited  in  mufcles  by  irri- 
tating fubllances  applied  to  them,  proceed 
from  their  fenfibility,  and  are  no  more  than 
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on  the  parts :  when  given  in  much 
larger  quantity,  it  fufpends  the  peri- 
ftaltic  motion  of  the  guts,  and  makes 
the  heart  contrad  more  flowly,    till 

being 

an  effort  of  nature  to  throw  off  what  is  hurtful : 
from  which  he  concludes,  that,  if  the  fenfibi- 
lity  of  the  mufcles  be  not  a  property  of  the 
matter  of  which  they  are  compofed,  but  owing 
to  a  fuperior  principle  animating  them,  all 
the  vital  and  other  involuntary  motions  mufl: 
ultimately  be  afcribed  to  the  adlive  power  of 
this  principle. 

Lallly,  Dr.  Halier,  in  his  treatife  de  partihus 
corpr.ris  humani  fenjtlililus  et  irritnhililus.  pu- 
blilhed  in  the  Gottingen  tranfadions  for. 
1752,  has,  by  a  great  many  curious  experi- 
ments, proved,  not  only  that  all  mufcular 
fibres,  and  them  alone,  are  endowed  with 
irritability  or  a  power  of  alternate  contraction, 
but  has  alfo  fliewn,  that  fome  mufcles  and 
organs  are  poffefTed  of  this  power  in  a  greater 
degree  than  others.  He  has  further  endeavoured 
to  prove,  that  the  irritability  of  tlie  mufcles 
is  independent  of  the  nervous  power,  and 
has  no  connexion  with  fenfibility,  but  is 
owing  to  the  glutinous  matter  of  the  mufcular 
fibres. 

From 
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being   by  degrees   rendered   quite  in- 
fenfible,  its  motion  ceafes  altogether. 

But,  as  Dr.  Haller^  who  allows  that 
opium  dellroys  the  irritability  of  the  fto- 
mach,  inteflines  and  other  mufcles^ 
denies  it  to  have  any  power  over  the 
heart,  *  and  feems  to  call  in  queftioii 
thofe  experiments  of  mine  which  iliew, 
that  opium^  injected  into  the  ftomach 
and  guts  of  frogs,  renders  the  motion 
of  the  heart  much  flower  than  ufual, 
and  at  lall^  puts  a  final  flop  to  it  f ; 
I  thought  it  necelTary  to  endeavour  to 
clear  up  this  matter  by  fome  farther 
experiments,  which  I  iliall  here  briefly 
relate, 

S  (a)  June 

l^rom  what  has  been  faid,  together  with  the 
Ihort  hiftory  of  irritability  given  by  Dr. 
Mailer y  (A£l.  Getting,  vol.  2  p  154,  &c.)  it 
appears,  that  the  contradlile  power  of  Simula- 
ted mufcles  has  been  long  known  to  phyficians, 
tho'  within  thefe  few  years  paft,  it  has  been  made 
the  fubjeft  of  more  particular  inquiry. 

*  A61.  Gotting.  vol.  2.  p.  147,  154.  &  i57» 
t  Effay  on  vital  motions,  p.  370,  ^c. 
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(a)  June 5th  I "jc^c^^  at  1 8  minutes pafl 
four  in  the  afternoon,  I  injected  a  tur- 
bid folution  of  half  an  ounce  of  ofium  in 
eight  ounces  of  water,  into  the  flomach 
and  guts  of  a  frog  ;  and,  as  it  fquirted 
out  moft  of  the  fokition  injeded  by 
the  anus^  I  threw  in  fome  more  in  its 
.place.  At  24  minutes  pail  five  the 
fame  evening,  I  opened  this  frog,  and  ob- 
ferved  the  heart  beating  very  ilowly, 
,not  above  feven  times  in  a  minute  \ 
when  it  was  touched  with  the  point  of 
a  pair  of  fciifars,  it  renewed  its  motion 
fafter  for  two  or  three  pulfations ;  after 
which  it  became  as  flow  as  before.  The 
other  mufcles  of  this  frog  were  not  at 
this  time  brought  into  contraction  by 
pricking  or  tearing  their  fibres. 

{fi)  I  laid  open  the  whole  aMomenmid 
thorax  of  a  frog  j  and,  at  28  minutes 
pait  feven  in  the  morning,  immerfed  it 
in  a  turbid  folution  of  op' urn ^  'viz*  the 
fame  that  was  made  ufe  of  in  the  pre- 
ceeding  and  following  experiments. 
At  forty  minutes  after  feven^  I  turned 

the 
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the  frog  on  its  back,  and  obferved  its 
heart  beating  between,  ten  and  eleven- 
times  in  a  minute.  Having  laid  it  a- 
gain  on  its  belly,  that  it  might  be  more 
expofed  to  the  action  of  the  opium ;  at; 
forty  eight  minutes  pail  feven,  I  tm*ned 
it  again  to  its  back,  and  obferving  t he- 
heart  without  motion,  I  opened  the 
peri cardiumy which  producing  roeifedl^. 
I  cut  the  heart  out  of  the  body,  and 
laid  it  on  a  plate,  v^henit  gave  two  or 
three  pulfes,  and  never  after  moved^, 
aitho'  it  was  pricked  once  and  again; 
with  a  pin. 

(7)  IcutoiFa  frog^s  head,  and  in-- 
tirely  deflroyed  its  fpinal  marrow  by^ 
piifhing  a  fmall  probe  down  through 
the  fpine,  v/hich  occafioned  ftrong' 
convuliions  of  all  the  mufcles,  efpecial- 
ly  thofe  of  the  inferior  extremities. 
Ten  minutes  after  this,  I  opened  the 
thorax^  and  found  the  heart  beating' 
45  times  in  a  minute.  Sixteen  minutes 
after  decollation  and  the  deilrudion  of 
the  fpinal  marrow,  it  moved  40  times- 
S  2  in.^ 
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in  the  minute.  After  half  an  hour,  it 
3Tiade  36,  and,  after  fifty  minutes,  only 
30  pulfations  in  the  minute,  which 
were  now  become  very  fmall  and 
feeble. 

N.  3.  When  the  thorax  of  another 
frog  was  opened  immediately  after  de- 
collation and  the  dellruction  of  its 
fpinal  marrow,  its  heart  beat  60  times, 
in  a  minute. 

(cT)  I  cut  out  the  heart  of  a  frog,  and 
put  it  into  fountain- water,  at  twenty 
three  minutes  pafl  twelve.  After 
twelve  minutes  immerfion,  I  took  it  out 
of  the  water,  when  it  beat  20  times 
in  a  minute.  Having  immerfed  it  for 
five  minutes  more,  it  ceafed  from  mo- 
tion ;  and  when  taken  out  of  the  water, 
did  not  move  except  when  pricked, 
and  then  only  performed  one  pulfation. 

(t)  Eight  minutes  pafc  eleven,  I 
cut  out  the  heart  of  another  frog,  and 
immerfed  it  in  fountain- water.  28 
minutes  after  eleven,  it  continued  to 
move  :  but  its  motion,  tho'  at  the  rate 

of 
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of  eleven  pulfations  in  thirty  feconds, 
was  confined  to  about  one  third  of  the 
heart  next  its  apesc.  Two  minutes  after 
this,  obferving  it  without  any  motion 5 
I  took  it  out  of  the  water,  and  laid  it 
on  a  table,  where  it  remained  at  reilp 
unlefs  when  touched.  Soon  after  this^, 
however,  it  began  to  move,  and,  at  25 
minutes  after  immerfion,  performed 
9  pulfations  in  63  feconds, 

(Q  I  cut  out  the  heart  of  a  frog,  andj, 
at  32  minutes  pall  ten,  immerfed  it  in 
a  turbid  folution  of  opium  in  water  of 
the  fame  degree  of  heat  with  the 
fountain- water  ufed  in  the  two  lail  ex- 
periments *.  After  this  heart  had  been 
immerfed  ten  minutes,  I  took  it  out  of 
the  folution,  and  laid  it  on  a  table  ;  but 
it  made  not  the  fmallefl  motion  :  and 
when  pricked  with  the  point  of  a  knife, 
tho' it  quickly  recovered  its  fliape,  yet 
it  was  not  excited  into  a  proper  con- 
tradion  as  the  heart  of  cT,  I  continued 
S  3  to 

*  Viz.   nearly   60    degrees    of  F^.reNhIi's- 
thermometer. 
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to  obferve  this  heart  from  time  to  time 
for  above  half  an  hour^  but  it  never 
made  the  lead  motion. 

(^^)  I  cut  out  the  heart  of  another 
frog^  and  put  it.  into  the  fame  turbid 
folution  of  opium  y  after  feven  minutes 
iinmerfion,  I  took  it  out,  and  laid  it  on 
a  plate,  where  it  remained  at  refk. 
When  pricked  with  a  knife,  it  did  not 
perform  a  full  pulfation,  but  feemed  to 
feel  a  little,  by  a  very  faint  kind  of 
motion  which  was  excited  in  fome  of 
its  fibres, 

(G)  M\\  Robert  Ramfay  ftudent  of 
medicine,  at  my  defire,  made  the  fol- 
lowing experiment.  After  making  an 
opening  into  the  cavity  of  the  abdomen 
of  a  fmall  dog  near  fix  months  old,  he 
injeded  by  the  wound  a  dram  of  opium 
diiTolved  in  two  ounces  and  a  half  of 
water  5  but,  before  he  could  ftitch  up 
the  wound,  about  an  ounce  of  the  folu- 
tion efcaped.  Four  minutes  after  ma- 
king the  injection,  he  laid  bare  the 
thorax^  by  difTeding  oif  tlie  teguments, 

which 
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which  did  not  feem  to  give  the  dog 
any  pain ;  and  could  plainly  feel  the 
motion  of  his  heart  through  the  pleura,. 
It  beat  y6  times  in  the.  minute,  but  be- 
came gradually  flower  *•  Immediately 
after  counting  the  pulfe,  Mr.  Ram/ay 
cut  the  ribs  on  each  fide  of  the  fternumo^. 
which  he  laid  back  in  the  ufual  way. 
The  heart,  which  was  thus  brought  in- 
to view,  appeared  quite  turgid,  and 
continued  in  motion  about  five  mi- 
nutes :  during  which  time  itperformed 
only. between  60  and  6^  weak  vibra- 
tions y  for  they  were  not  compleat 
contradlions.  While  the  heart  was 
thus  moving,  warm  fpittle  was  firfl  ap- 
plied to  it,  then  cold  water,  and5.kfl 
of  all,  oil  of  vitriol,  which  flirivelkd  the 
parts  it  touched,  almofl  in  the  fame 
manner  as  a  hot  iron  would  have  done  3; 
but  none  of  them  accelerated  the  heart's 
vibrations,  which  became  gradually 
flower,  till  they  ceafed  altogether. 

Agreeably 

*  This  dog'^  heart,  in  a  natural  ftate  and  be.*^ 
fore  the  injedion,  beat  150  in  the  minute* 
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Agreeably  to  this  experiment, 
we  are  told  by  Dr.  Aljlon^  in  his  learned 
diflertation  on  ophm^  that  a  filtrated 
folution  of  this  medicine  in  water,  ha- 
ving been  injected  into  the  veins  of  a 
dog,  his  pulfe,  which,  when  he  was 
firfl  feized  with  conviilfions,  was,  ren- 
dered quick  and  fmall,  became  after- 
wards full  and  flow  *.  And  Dr.  Kaau 
Boerhaave  informs  us,  that  in  a  fmall 
dog,  which  he  opened  ten  hours  after 
he  had  fwallowed  three  grains  of  opium ^ 
the  motion  of  the  heart  and  arteries 
was  very  flow  +. 

From  thefe  experiments  it  evident- 
ly appears,  that,  as  ofium  deilroys  the 
fenfibihty  of  all  the  parts  of  the  body, 
fo  it  deprives  the  mufcles  of  all  power 
of  motion ;  nor  does  the  heart,  in  this 
refpedl,  poifefs  any  privilege  above  the 

other 

*  Vid.  Medical  F.fTays,  vol.  5.  p.  i.art.  xii. 

f  Cor  lentiffime  movebatur.  Motus  in  ar- 
teriis  (fcil.  durae  et  plas  matris)  debilis  et  valde 
lentus.  Vid.  impet.  faciens  Bippocrati  di6tiun« 
No.  433. 
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other  mufcles,  except  that  its  moving 
power  is  not  fo  foon  deftroyed  by 
€pium  as  theirs. 

How  Dr.  Haller  came  to  be  fo 
greatly  deceived  as  to  this  matter,  I 
cannot  pretend  to  conjedlure;  fmce  he 
has  not  told  us  in  what  manner  his  ex= 
periments  were  made :  but,  it  is  not 
to  be  doubted,  that  his  candor  and  love 
of  truth  will  make  him  readily  ac- 
knowledge his  miflake,.  as  foon  as  he 
ihall  difcover  it. 

IV.  When  a  viper  is  pricked  with 
the  point  of  a  knife  three  days  after 
being  deprived  of  its  head,  heart,  and 
other  njijcera  ;  it  moves,  not  only  the 
mufcles  whofe  fibres  are  touched,  but 
alfo  the  other  mufcles  of  its  body  which 
have  no  connexion  with  thofe  that  are 
Simulated.  This  indicates  either  a  fym- 
pathy  between  thefe  mufcles,  which  fup- 
pofes  feehng,  or  fome  general  active 
principle  animating  them,  which  being 
affected  with  a  difagreeable  fenfation  by 
the  fiimulus  applied  to  any  one  mufcle^ 

brings 
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Brings  many  others  into  aSiionj  in  or-- 
der  to  avoid  what  is  hurtful  to  it.  In 
like  manner,  when  a  few  drops  of  boil- 
ing water  fall  on  one's  leg,  the  mufcles 
which  ferve  to  move  this  member,  are 
inftantly  and  involuntarily  brought  into 
contraction,  in  order  to  remove  it  from 
the  offending  caufe. 

A  frog,  after  it  has  been  deprived  of 
its  head,  will,  when  touched,  often 
jump  and  move  about  for  a  very  con- 
fiderable  time;  and  it  is  obferv able,  that, 
when  the  toes  of  its  hind  feet  are  any 
way  ftimulatedj,  it  conflantly  draws 
them  up  to  its  body;  nay,  if,  when 
they  are  in  this  fituation,  the  toes  are 
again  irritated,  the  legs  and  feet  are  not 
extended,  but  brought  flill  clofer  to 
the  body.  If  one  of  the  legs  is  pulled 
down  from  the  boily  and.  kept  in  an 
extended  ilate ;  no  fooner  are  the  toes 
of  this  foot  wounded,  than  the  leg  is 
drawn  up  to  the  body  as  before.  Now, 
if  thefe  motions  were  owing  to  fome 
property  of  the  .infenfible  matter  of 

which 
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which  the  mufcles  are  compofed,  Why 
fhould  not  an  UTitation  of  the  toes  be 
fometimes  followed  by  a  contradion  of 
the  extenfor  as  well  as  the  flexor  muf- 
cles of  the  legs  and  thighs?  But,  if  we 
allow  them  to  be  owing  to  the  painful 
fenfation  in  the  toes,  we  ihall  fee  that 
the  frog  does,  in  this  cafe,  with  its  hmbs, 
jufl  what  a  fnail  does  with  its  horns 
when  they  are  roughly  touched. 

Ag  Ai  N,  it  is  very  remarkable,  that, 
when  the  toes. of  a  frog  are  pricked  or 
otherwife  wounded  inflantly  after  de- 
collation, there  is  either  no  motion 
produced  in  the  mufcles  of  the  legs  at 
all,  or  a  very  inconfiderable  one.  But, 
if  the  toes  of  a  frog  be  touched  with 
one's  finger,  ten,  fifteen  or  twenty 
minutes  after  decollation,  the  legs  and 
thighs  are  immediately  drawn  up  to  its 
body  ;  and,  if  they  be  at  this  time 
wounded,  pricked,  or  cut  with  a  pen- 
knife, the  mufcles,  not  only  of  the  legs 
and  thighs,  but  alfo  of  the  trunk  of  the 
body,  are,  for  the  moft  part,  flrongly 

contradedj 
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contradled,  and  the   animal  fometimes 
moves  from  one  place  to  another. 

Is  not  the  irritation  of  the  toes,  im- 
mediately   after   decollation,  rendered 
ineifedlual  to   produce   any  motion   in 
the  mufcles  of  tHe  legs  and  thighs,  by 
the  greater  pain  occafioned  by  cutting 
off  the  head  *  ?    And  are  not  the  muf- 
cles   of  the  poflerior    extremities,  as 
well   as    of  the   trunk  of  the   body, 
brought  into  action  by  wounding  the 
toes  fifteen  or  twenty  minutes  after  de- 
collation, becaufe  the  pain  produced  by 
cutting  off  the   head  is   now  fo  much 
lelTened  (perhaps  wholly  obliterated)  as 
not  to  prevent  the  animal  from  feeling 
very  fenfibly  when  its  toes  are  hurt  ? 
It  were   to   be  wifhed   that    thofe 
who  choofe  to  account  for  the   irrita- 
bility of  the  mufcles,    not  from  their 
fenfibility,   but   from   fome   unknown 
property  of  the  matter  compofing  them, 

would, 

*  Duobus  doloribus  fimul  obortis,  non  in 
eodem  loco,  vehementior  obfcurat  alterum. 
Hippocrat.  Aphor,  Lib.  2.  ISol  46. 
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would,  inflead  of  moving  objedlions 
concerning  the  feat  of  the  foul,  its  ex- 
tendon,  diviiibility  and  manner  of  co« 
exifting  with  the  body,  favour  us,  i£ 
they  can,  with  fome  probable  explica- 
tion of  the  phcencmena  above-menti- 
oned. 

V.  That  the  motions  of  irritated 
mufcles  are  owing  to  the  fenfation  ex- 
cited by  the  fiimulus  applied  to  them 5, 
will  appear  highly  probable,  if  we  con- 
fider,  that  we  are,  in  fact,  confcious  of 
many  involuntary  motions  in  our  bo- 
dies proceeding  from  a  particular  fen-- 
fation,  either  in  the  organs  moved,  or 
in  fome  neighbouring    part.     This   is 
the  cafe  with  the  motions  of  the  flo- 
mach  and  diaphragm,  in  vomiting  and 
the  hiccup,    of  the  great  guts  and  dia=- 
phragm  in  a  tenefmuSy  of  the  acceleratores 
urina  in  expelling  \}i\^  femen^  2.vA  of  the 
intercoflal  mufcles  and  diaphragm  in 
fneezing,  coughing,  and  fometimes  even 
in  breathing ;   nay,  when,  by  fudden 
fear  or  any  great  furprize,  the  heart  is 
T  fet 
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fet  a  palpitating,  we  have  a  particular 
feeling  in  this  murde,  partly  from  the 
blood,  rulhing  fuddenly  and  in  too 
great  quantity  into  it.  More  examples 
might  be  given,  but  thefe  may  fuffice 
to  Ihewthe  connexion  there  is  betwixt 
the  fenfibility  and  irritability  of  the 
moving  organs  of  our  body. 

Upon  fuppofition  that  the  motions 
of  irritated  mufcles  did  not  proceed 
from  any  kind  of  feeling,  but  from  fome 
inanimate  caufe,  their  contradions 
iliould  be  all,  either  regularly  alternate, 
or  equable  and  uninterrupted,  like  the 
falling  of  the  leaves  of  the  fenfitive 
plant  *  ;  but  we  find,  that,  while 
moil  of  our  mufcles  are  brought  by 
the  a^ion  of  a  ftimnhis  into  alternate 
contractions,      there    are    fome    few 

which 

*  I  have  elfewhere  fhewn  by  experiments-, 
that  the  falling  of  the  leaves  of  the  fenfitive 
plant,  when  touched,  does  not  indicate  any- 
kind  of  feeling,  and  is  no  way  fimiiar  to  the 
alternate  contractions  of  irritated  mufcles. 
EfTay  on  vital  motions  &c.  p.  245. 
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which  contrad  uniformly  and  equably 
during  the  time  the  ftimulus  operates, 
without  any  intermilTions  or  alternate 
relaxations.     Of  this  kind  is,  the  con- 
tradlion   of  the  diaphragm  and   abdo- 
minal mufcles  when  the  mteftinum  re- 
Eium  is  irritated,  of  iht  Jphi7i£fcr  pupil- 
la  while  the  fame  degree  of  light  con- 
tinues to  adl  on  the  retina^   and  of  the 
mufcles  of  the  internal  ear  as  long  as 
the  famxC  fomid  is  applied  to   this  or- 
gan.    Nay,    the  diaphragm,  which  is 
brought  into  one  continued  contraction 
by  'Siftimulus  aifetfling  the  inteftlnum  re- 
Bum^  is  agitated  with  alternate  convul- 
lions  from  an  irritation  of  the  left  ori- 
fice of  the  flomach,  or  of  the  olfadlory 
nerves.     What  account  can  poiTibly  be 
given  of   this,   upon  luppofition  that 
thefe  motions  proceed  from  the  ^/z//^;^  of 
the  mufcular  fibres  ?  or  what  difference 
can   it  make    to    this  infenfible  glue^ 
whether  ihtfiimulus  be  applied  to  the 
nofe   or   anus?     But,    allowing   thefe 
motions  to  arife  in  confequence  of  an 
T  2  uneafy 
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nneafy  fenfation  in  the  pare  llimulated, 
it  will  immediately  appear,  that  they 
are  performed  in  fuch  manner  as  is  moll 
efFeclual  to  lelTen  or  remove  the  irri- 
tutinG;  caufe  *. 

Again,  if  the  motions  of  mufcles 
from  a  ftimiilus  were  not  owing  to  a 
feeling,  How  could  the  convullive  mo- 
tions of  the  diaphragm  in  the  hiccup 
bs  often  immediately  11  opt  by  fudden 
fear,  joy,  or  grief?  Why  flioiild  an  ir- 
ritation of  the  olfactory  nerves  become 
ineffeclual  to  produce  fneezing,  when 
fome  of  the  mufcles  of  the  back  or 
thorax  are  aiFedled  with  a  rheumatifm  ? 
And  why  (liould  the  convullive  mo- 
tions of  the  iiomach  and  diaphragm 
in  vomiting,  be  frequently  interrupted 
by  extraordinary  fear,  or  any  very 
great  and  fadden  furprize?  It  v/ill  be 
difficult,  nay  impolTible,  to  give  any 
fatisfadory  folution  of  thefe  phauo- 
rneuc?,     if    the    motions    of    irritated 

mufcles 

*  Vid.  An  Efiay  on  the  vital  and   invohin- 
tary  motions,  p.  258,  &c. 
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niufcles  are  fuppofed  to  proceed  from 
fome  unknown  property  of  their  in-' 
fenfihle  glue:  but  they  are  at  once 
intelligible  and  clear,  upon  fuppofirion 
that  they  are  owing  to  an  uneafy  fen- 
fation ;  for  as  often  as  this  feeling  is 
overpowered  by  a  ilronger  one  in  fome 
other  part  of  the  body,  or,  when  the 
mind  is  fo  fuddenly  and  flrongly  afFe- 
ded.by  external  objedls,  as,  for  a  iliort 
time,  to  become  almcfl  infeniible  of 
the  irritation,  the  motions  owing  to  it 
mull  be  lelTened  or  ceafe. 

Gr A  V I T  Y ,  magnetifm  and  eledri- 
city,  are  all  regular  and  uniform  in 
tlieir  operations,  and  befpeak  nothing 
of  feeling  or  life  in  the  bodies  which 
are  endow^ed  with  them,  and  may 
therefore  be  fappofed  to  proceed  im- 
mediately from  material  caufes ;  altho' 
the  activity  of  thefe  caufes  muil  be,  at 
lafl,  referred  to  the  great  Origin 
of  all  power  and  life  in  the  univerfe. 
But  the  motions  of  animal  bodies  from 
2.filmiilus^  arCj  in  many  cafes,  fo  plain- 

ly 
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]y  perceived  to  flow  from  an  uneafy 
.  feeling,  their  various  phenomena  can 
be  fo  eafily  explained  upon  this 
fuppofition,  and  are  fo  unaccountable 
on  any  other,  that  it  is  matter  of  no 
fmall  wonder  to  find  many  learned 
and  ingenious  Phyfiologiib  ufmg  their 
mm  oil  efforts  to  overthrow  this  opi- 
nion, and  ftruggling,  but  in  vain,  to 
derive  thofe  motions  from  inanimate 
matter. 

Life,  fenfe  and  proper  activity, 
feem  to  be  inconiiltent  with  the  known 
properties  of  matter ;  wherefore,  when 
we  fee  a  fyftem  of  matter  endowed 
with  thefe,  we  may,  without  pre- 
fumption,  conclude,  that  they  are 
owing,  not  to  the  material  fyllem 
alone,  but  to  fome  active  principle  ani- 
mating it.  And  altho',  even  upon  this 
fuppofition,  it  may  be  very  difHcuk  to 
account  for  fome  of  the  motions  ob- 
ferved  in  fuch  a  fyftem,  or  in  its  parts 
when  feparated,  we  cannot  hence 
conclude,  that  they  are  not  owing  to 

any 
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any  fuch  power;  but  only  that  our 
ignorance  of  the  nature  of  immaterial 
beings^  and  of  their  particular  union 
with,  and  manner  of  ading  upon 
bodies,  throws  a  veil  of  obfcurity  over 
thefe  things,  which  the  moll  enlight- 
ened phiJofopher  will  never  be  able  to 
remove. 


Dr.  Haller^  towards  the  end  of  his 
performance,  has  thrown  out  fome 
reflexions  upon  my  manner  of  writing^, 
and  the  few  experiments  I  had  made 
on  dying  animals  ;  which,  tho"^  it  were 
eafy  to  obviate,  I  Ihall  pafs  by  unno- 
ticed, from  a  confcioufnefs  of  their 
being  ill-founded,  a  dillike  of  intro- 
ducing any  thing  perfonal  into  a  phi- 
lofophical  difpute,  and  a  perfuafion  that 
the  Doctor  himfelf  will  not,  upon  a 
cool  review,  intirely  approve  of  them. 

PINTS. 
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